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NAVARRO SAND 
IN CHARLOTTE FIELD 
ATASCOSA COUNTY, TEXAS 


LOG ANALYSIS 


1) Water saturation S 


This sand is relatively clean in the first 15’ and 
is found highly interbedded with shale below 
the upper section. 


The value of 8 ohms at level A given by the 
63” Normal when corrected will result in 
R, = 12 ohms approximately. 


R, = 2 ohms in neighboring wells. 


In A: $= 


9 

1 9 = 41% 

2) Formation water resistivity Rw 

With SP = —70 loge £2 and SP = —65 mv., 
Ry = 0.12 at BHT 


3) Ae p 


_ 2 
F= Re = oo 


p =i = 17 % for m = 1.6 


= 16.5 approx. 


CORE ANALYSIS 


Average Porosity 18% 
Permeability: Average 15 md. 
Maeximum 113 md. 


Residual Oil 14% 
PRODUCTION RESULTS 
Casing at: 5193’ 
Plug Back: 5934’ 
Production Potential: 140 bbl. oil 39° API 
96.5 MCF gas 


Gas-oil ratio 189/1 
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MORE BANAUSIA 


Tue meeting came to a sudden end. 

A few lingered to hold a post-mortem discussion. They were 
mainly those who had come with high hopes that the session 
would lead to joint action toward instituting gas-injection 
pressure-maintenance in a recently developed pool. The objec- 
tive of the meeting was to arrive at a distribution of equities 
in a proposed unit and adoption of a plan for secondary recov- 
ery operations. Those who lingered were operators who had 
engaged in unitized pressure-maintenance operations on many 
other occasions with high success and with credit to their 
good business judgment. Their hope was based on results of 
past experience, and, in addition, on the fact that gas wastage 
in the field in question was in itself a compelling reason to 
engage in a cooperative effort. 


The meeting went well in its opening minutes. The majority 
present recognized the wasteful conditions existing, thought 
the pool should be unitized and appeared ready to accept the 
proposal to return the produced gas to the reservoir. Most 
agreed that details required to reach this objective could be 
worked out as they were encountered. But then the lightning 
struck. 


Apranenty the word “detail” was the key that unlocked 
the storm. There were apparently some details that were over- 
whelmingly important. Someone arose to announce that the 
material balance principle had been utilized to predict the 
future behavior of the pool, and the calculations placed some 
question on the present worth of the increased future ultimate 
recovery as compared to the present worth of the recovery 
that might be obtained through ordinary pressure depletion. 
Then another held forth at some length on the fact that he, 
too, had utilized the material balance principle with the bene- 
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fit of some particularly valuable k,-k, data that were not here- 
tofore available to the industry. His calculations produced 
some numerical variation from the conclusions of the previous 
speaker about the dollar value of the increased recovery. Then 
another discoursed on the result of his restored state experi- 
ments on rock of somewhat similar characteristics and intro- 
duced some uncertainties concerning the correctness of the 
reserve estimates of all who had previously spoken. And 
finally, there was a presentation on the part of one who had 
made a very detailed interpretation of core analyses. This 
speaker offered some rather dire predictions concerning the 
prospect for successful gas-injection pressure-maintenance 
based upon a lithological examination of the rock from the 
core of one well in the field. 

With such diversity of conclusion in respect to the soundness 
of the idea of pressure maintenance, coupled with the obvious 
difficulties always incident to evaluating the separate proper- 
ties overlying the common source of supply, it was now appar- 
ent that there could be no prospect of agreement on unitization. 


And so the meeting ended. 


Tue technologists had produced a great show. Experts had 
disagreed with experts. Even the most ardent conservationist 
was shocked by the exposé. Few realized how grossly ignorant 
were those of the industry who in years past went forward 
with successful unitized secondary recovery operations without 
the benefit of all the new scientific tools. The old-timers won- 
dered how they could have been fortunate to stumble along in 
such ignorance. It did appear that from this time on a forest 
of scientific deductions, requiring years to ferret, must be 
traversed before business men could approach the question 
of conservation in any particular reservoir. The scientific 
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method in hands of equally competent engineers had produced 
a diversity of “answers”. In the disagreement over numerical 
conclusions, it was impossible for the owners of the pool to 
do what at first seemed an obvious necessity. 


Those who remained at the post-mortem discussion had at 
a later date the opportunity to read Reese H. Taylor’s article 
appearing in the March, 1949, issue of PeTroLEUM TECH- 
noLocy. In that article Taylor dealt with an equivalent 
situation and suggested that the circumstance was best de- 
scribed by what may be generally adopted as a useful word, 
“banausia”. “The Greeks had a word for it” and it might be 
well for the petroleum engineering profession to adopt the 
word for its own guidance and benefit. 


Engineers have clamored for an opportunity to have a voice 
in business management. Their presence in increasing num- 
bers in the petroleum industry indicates that they are being 
afforded that opportunity. Whether they add or subtract from 
what is accomplished will depend in large measure upon 
whether or’ not they understand and appreciate the point of 
view which Reese Taylor has expressed. His viewpoint de- 
serves wide and serious consideration. 


The fortunate circumstance seldom exists where business 
conferences are attended by the required number of prin- 
cipals representing “one-over-banausia”. They are those, as 
defined by Hans Suter in his reply to Taylor published in 
the July issue of PErRoLEUM TECHNOLOGY, who through train- 
ing or experience are capable of assaying the purely technical 
conclusions of banusians in determining the course that good 
business judgment would dictate. Until the time may come 
when the pseudo - precise conclusions of banausic technol- 
ogists are properly weighed and proportioned, many worth- 
while projects in the petroleum industry will continue to fall 
victim to uncertain answers derived from precise computations 
based upon faulty premises. Must an advancing world wait 
while a set of differential equations are solved to determine 
whether a ready-made answer exists? In a majority of instances 
the petroleum industry must go forward on the basis of broad 
concepts rather than on terms of stated engineering recipes. 


SQomewHERE along the line too many technologists have 
lost sight of the significance of “answers” to practical prob- 
lems that cannot be stated in a formal textbook manner and, 
therefore, do not lend themselves to formal solution. Their 
training in the thevry of measurement was not productive of 
a proper appreciation of the significance of answers. The 
“almighty” answer is too often regarded with a dignity that 
it does not deserve. 


Hans Suter suggested a very useful metaphor in his refer- 
ence to the choice of reliance upon celestial navigation or upon 
a bombsight when the problem is to reach a desired target. 
Most problems in the petroleum industry cannot be “pin- 
pointed” as a target to be attacked by technologists. There 
is litle, if any, value in utilizing a banausic bombsight under 


circumstances where celestial navigation is the only sensible 
guide to the desired objective. 

How often have opportunities to increase the value of a 
property from $4.00 to $4.95 been passed because some answer 
expertly derived by manipulations from premises that are in 
part faulty or imaginary has led some banausian to the con- 
clusion that his principal should look forward to $5.00 instead 
of $4.95. It is at this point that business too often fails. Taylor 
has said, in essence, that successful business is directed toward 
objectives — not toward techniques; towards ends, and not 
means. His is timely advice of commanding importance. 


Advice on how to succeed is not lacking. It is plentiful in 
the literature of the engineering profession. The recipe for 
practicing “The ‘Engineering Method’ ”, is quoted on Page 28 
of the November issue of PETROLEUM TECHNOLOGY, is unlikely 
to advance business or the engineering profession without a 
companion injection of anti-banausia serum to induce a point 
of view which Taylor has ably voiced. 


I: IS time to inquire when technologists as a class are going 
to develop a greater measure of understanding of the rela- 
tionship between purely technical conclusions and purely busi- 
ness aspects of a problem. This is not a matter of finding a 
desired answer to a business problem from engineering con- 
siderations, but is a question of properly weighing the uncer- 
tainties of an engineering conclusion in reaching a decision on 
a course of action. This inquiry might go particularly to those 
who practice the specialty of reservoir engineering. Their par- 
ticular province is reserve estimates, prediction of future 
reservoir behavior, and conclusions in respect to the worth 
of properties. Certainly no field of the petroleum industry is 
of more interest to business management. If management had 
a means to precise answers in that field, then those who pro- 
duced the answers would occupy a high place indeed. But 
who can produce those answers with certainty? Who, among 
the technologists, takes the time to warn management of the 
uncertainties of the conclusions presented in those particular 
fields? Is the answer appreciated in the light of the assump- 
tions involved or the speculations introduced? Technologists 
have a responsibility to produce conclusions, but with it goes 
the responsibility of being certain the significance of the 
answer is understood. Engineering conclusion must be distin- 
guished from wise choice of one or more courses of business 
action. Until the technologists appreciate their responsibility 
in assisting management in understanding the significance of 
a technical conclusion as it bears upon a choice of one of 
several courses of business action, too many business confer- 
ences will be held more on the order of a technical debating 
society. The result of continued argument over the correctness 
of individual answers will cause management to lose faith in 
the competence of technologists, and the engineering profes- 
sion will suffer the loss of its recent gains in the counsels of 
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ALFONSO CARLOS BULNES 


Died October 19, 1949, in Hous- 
ton, after a short illness. He was 
born in Mexico 
City on Sep- 
tember 24, 
1909, and grad- 
uated at the 
California  In- 
stitute of Tech- 
nology and the 
University of 
California at 
Los Angeles. 
His first assignment took him in 1934 
to Mexico where he worked as a 
chemist in the Aguila refinery at 
Tampico. In 1938 he returned to 
the United States and joined the 
production department of Shell Oil 
Co., working in the production lab- 
oratory at Houston. In 1943 he was 
transferred to Midland as reservoir 
engineer, which position he held un- 





til his death. 


He earned a well-deserved repu- 
tation for his studies in connection 
with the production characteristics 
of dolomitic limestone reservoirs, two 
important contributions to which 
were published in PETROLEUM TECH- 
NOLOGY. 


He was a member of the A.P.I., 
serving on the Topical Committee 
on Production Technology for the 
Southwestern District, and was also 
active in affairs of the Permian 
Basin Section of the AIME. * * * 














GLENN M. Stearns has been ap- 
pointed chief engineer of the Mid-Con- 
tinent division of the British-American 
Oil Producing Co. With headquarters 
in Tulsa, he will be responsible for all 
engineering phases of the drilling and 
production operations of the company, 
and will supervise engineering person- 
nel. He has had wide experience in en- 
gineering, in teaching and in produc- 
tion work. After graduating from Okla- 
homa University in P.E. he served in 
the field, then returned to the staff of 
the University, returned to the field, and 
in 1947 joined Sanolind Oil and Gas 
Co. where he has recently been serving 
as development superintendent. He has 
written several technical papers and 
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W. E. Wrather to Receive 


1950 Lucas Petroleum Medal 


William E. Wrather, director of the 
U. S. Geological Survey, and 1948 presi- 
dent of the Institute has been desig- 
nated by the Anthony F. Lucas Petro- 
leum Medal Committee to receive the 
award of the Medal for 1950. 


The Medal was established in 1936 
as a memorial to the late Anthony F. 
Lucas and is to be awarded to recognize 
“distinguished achievement in improv- 
ing the technique and practice of find- 
ing and producing petroleum.” 

The citation for the award of the 
medal to Wrather is: 


“For his untiring leadership in 
guiding and developing the science 
of petroleum geology, for reducing 
this science to effective application 
in practice, and for the inspiration 
he has given to others in the pro- 
fession by his dedication to public 
service.” 


William Embry Wrather was born in 
Meade County, Kentucky. After his boy- 
hood there he moved to Chicago to at- 
tend high school, where he first learned 
about geology and received the direc- 
tion for his life’s work. While attend- 
ing the University of Chicago, he 
worked during the summers with the 


U. S. Geological Survey, where he in- 
creased his knowledge of the structure 
of rocks. While working toward a Ph. D. 
at Chicago the oil industry began devel- 
oping rapidly, and before long our 
friend found himself on the Gulf coast 
as a scout for the Mellon interests. 
Geologists were about as new to the 
industry as the industry was new, but 
he worked steadily at structures and 
leases for the organization that finally 
became the Gulf Oil Co. Eventually he 
handed in his resignation and started 
on his own as a geologist in 1917, set- 
tling in Dallas. He gained steadily in 
reputation during the ensuing years, 
traveling all over the world. 


In 1942 he went to Washington to 
assist the government in the procure- 
ment of mineral supplies outside of 
the United States. In 1943 then, he was 
appointed as director of the U. S. 
Geological Survey. 

His membership in the AIME was 
started in 1915, and from that to his 
presidency in 1948 he has rendered 
many valuable services to the Institute. 
In addition he has long been active in 
the Geological Society of America and 
the A.A.P.G. x kk 





many articles on engineering, and is 
now JOURNAL secretary for the Mid- 
Continent Local Section of AIME. 


+ 


Rosert G. HAMiLTon has established 
the firm of Hamilton Well Log Con- 
sultants with head- 
quarters in Tulsa to 
perform a special- 
ized consulting serv- 
ice in electrical log- 
ging and well sur- 
veys. In addition to 
covering all phases 
of interpretation 
and evaluation of 
logs and surveys, 
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the firm offers an educational service 
to companies desiring to educate com- 
pany personnel in geology, production 
and engineering departments. 


Hamilton recently resigned from 
Schlumberger Well Surveying Corp. 
after having been with that firm since 
1935. He has extensive education and 
experience in the engineering and elec- 


trical logging fields. 


— 


CHARLES Criss, in engineering work 
with Sohio Petroleum Co., has been 
transferred from the Michigan district 
to the reservoir engineering department 
in Oklahoma City. 
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Recent Canadian Oil Developments 


Introduction 


Although recent oil exploratory and 
development activity in Canada did not 
reach a really large scale until after 
the discovery of the Leduc Pool early 
in 1947, Canada has a long history as 
an oil producing nation. The earliest 
activity was at Oil Springs, Ontario, 
in the 1850’s and ultimately some 
.18,000 wells were drilled for oil and 
gas in Ontario. The peak annual output 
from Ontario fields was reached in 
1894 when production was nearly a 
million barrels, but Ontario’s present 
production is down to about 200,000 
barrels per year. 


Probably the first event which drew 
the attention of oil men to Western 
Canada was a well drilled for water 
in 1885 at Medicine Hat, Alberta, which 
discovered natural gas. This led to the 
development of gas fields in the general 
area, shown in Fig. 1. The forerunner 
of the famous Turner Valley field in 
the foothills of southwestern Alberta 
was a distillate well which came in in 
1914 near Black Diamond,’ but active 
development of Turner Valley proper 
did not commence until 1924 when 
Madison limestone (Mississippian) pro- 
duction was discovered in Royalite No. 
4. This well came in with a potential 
of 24,000,000 cubic feet of gas and 
yielded 500 to 600 barrels of distillate 
per day. Another of the early fields is 
Norman Wells near the Arctic Circle 
where Devonian limestone production 
was found in 1921. 


Most of the recent development has 
been in the Central Alberta region and 





Manuscript received at the office of the 
Petroleum Branch September 5, 1949. Paper 
presented at the Petroleum Branch meeting in 
Los Angeles, October 20-21. 

‘References given at end of the paper. 
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J. D. Gustafson 


all of the major finds have been in the 
Upper Devonian. No production of com- 
mercial significance has been found in 
formations older than Devonian and 
the youngest formations which are com- 
mercially productive are in the Cre- 
taceous. The Viking sand at the base 
of the Upper Cretaceous is a wide 
spread gas producer and produces oil 
at Joseph Lake. The Lower Cretaceous 
produces oil in a number of pools such 
as Lloydminster, Vermilion and White- 
mud and contains the tar sands which 
outcrop along the north part of the 
Athabasca River. In the foothills belt 
the most important discovery since 
Turner Valley is probably Pincher 
Creek near the International Boundary 
where Madison limestone distillate pro- 
duction is being developed. 

* The success in finding new fields in 
Western Canada during the past few 
years has led to intensified exploratory 
effort. At the end of September, 25 
companies were reported to be engaged 
in geophysical exploration, with a total 
of 103 parties. Of the total, 78 were 
working in Alberta, 23 in Saskatche- 
wan, and 2 in Manitoba. At the same 
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By J. D. Gustafson, Imperial Oil Limited, Calgary, Alberta 


time there were 40 to 45 rotaries en- 
gaged in wildcat drilling in Alberta 
and several in Saskatchewan and Mani- 
toba. 


Geology 


General 

Fig. 2 is a map showing the sedi- 
mentary areas of Canada. The Western 
Canada Basin where the sediments are 
thickest comprises only 15 per cent of 
the nation’s land area, but contains 
roughly 800,000 square miles. It ex- 
tends from the International Boundary 
northwestward 1,800 miles to the Arctic 
coast and from the Rocky Mountains on 
the west to the Precambrian shield on 
the east. The thickest accumulation of 
sedimentaries actually occurred in the 
region now occupied by the Rocky 
Mountains where. total sedimentation 
may have been as much as 50,000 feet. 
In the eastern foothills where drilling 
has been carried to depths as great as 
14,400 feet it is believed that the sedi- 
mentary accumulation is 18,000 to 
20,000 feet. Naturally most of the de- 
velopment in the Western Canada Basin 
has been concentrated in the south 
part and it is this area which will be 
discussed in the following paragraphs. 


The general surface geology of the 
south part of the basin is indicated in 
Fig. 3. The simple nature of the re- 
gional structure and the general strati- 
graphic cclumn is also shown by a 
cross-section through the region. Paleo- 
zoic rocks outcrop on both sides of the 
basin. On the west they are intensely 
folded and faulted to form the Rocky 
Mountains. There is a gradual thicken- 
ing of sediments from east to west with 
the beds dipping westward at the rate 
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of a few feet per mile. Most of the sur- 
face bed rock in the basin is covered 
with glacial drift and the bed rock 
which is exposed is largely continental 
or brackish in character. Although 
Ss much prospecting has been done and is 
being continued on an increasing scale, 
geological information is far from com- 
plete. Only 18 wells had penetrated into 
























General structure of the south part of 
the Western Canada Basin is illustrated 
by Fig. 4 which shows contours on the 
top of the Lower Cretaceous. In the 
south the principal features which ex- 
tend into the United States are the 
Sweet Grass Arch and the Williston 
Basin. West of the Sweet Grass Arch 
the structure drops off rapidly into the 
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Fig. 1 — Alberta Oil and Gas Fields, September, 1949 
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nian stratigraphy and the character of 
Upper Devonian coral reefs in the area 
have been ably described by a number 
and will be reviewed only 
briefly here. Fig. 5 shows the extent of 
the Devonian outcrops in Canada and 
indicates the locations of the most im- 
portant Upper Devonian pools. Leduc- 
Woodbend, Redwater, Golden Spike, 
and Stettler are undergoing develop- 
some 350 miles 


of authors”*”" 


ment. Normandville, 
northwest of Edmonton, was discovered 
in September of this year and further 
development has not yet commenced. 
where the reservoir rock is 
fragmental dolomite, is not a reef type 
reservoir and this may be true of the 
producing zone at Normandville. At 
Leduc-Woodbend and Stettler the pro- 
ducing reefs are predominantly dolo- 
mite while the others are limestone. 


Princess, 


Lithologic units of the Upper Devo- 
nian in Western Canada were first 
named after detailed study of the strati- 
graphy at Leduc. The Leduc terminol- 
ogy is now used throughout the basin 
and a description of the section there 
will illustrate the type of bioherm found 
in the Upper Devonian of Western Can- 
ada. Fig. 6 shows the Upper Devonian 
section penetrated in a typical Leduc- 
Woodbend well. At the top the D-1 
Zone is overlain unconformably by Low- 
er Cretaceous. The D-1 varies in thick- 
ness from 220 to 460 feet at Leduc and 
is composed largely of dolomite and 
dolomitic limestone, with small amounts 
of secondary anhydrite and chert. An- 
hydrite varying in thickness from 80 to 
190 feet occurs below the D-1 Zone 
and underlying the anhydrite is the 
Red Bed Zone 30 to 40 feet thick. This 
is a mottled red and green silt stone 
with a high percentage of very fine 
quartz grains which are embedded in 
red and green argillaceous material. 
Underlying the Red Bed is the D-2 Zone 
which varies in thickness from 145 to 
165 feet. This is the higher of the two 
main producing zones at Leduc. In the 
upper part it consists of finely crystal- 
line dolomite with anhydrite-filled vugs. 
The oil pay is the middle part of the 
zone which is made up of a dolomitized 
limestone with crystalline and vuggy 
porosity. Fig. 7a is a photograph of a 
section of diamond core from the D-2 
Zone to illustrate this type of porosity. 
Below the pay the dolomite is finely 
becomes argillaceous 
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with depth. The Green Shale Zone be- 
tween the D-2 and the D-3 below varies 
from 125 to 225 feet in thickness over 
the producing area but becomes much 
thicker to the east. Approximately the 
top 20 feet of the D-3 reef is a zone of 
detrital material. The true bioherm be- 
low is fractured crystalline dolomite 
containing many vugs. Fig. 7b is a 
photograph of a diamond core section 
from the D-3 Zone showing the large 
vugs and the lack of bedding typical 
of this reservoir. The total thickness of 
the D-3 reef is approximately 700 feet. 


Fig. 8 is a northeast-southwest cross- 
section through the Lower Cretaceous 
and Upper Devonian at Leduc-Wood- 
bend. Regional dip in the Devonian is 
at a considerably higher rate than in 
the Cretaceous, and the degree of arch- 
ing of the beds becomes progressively 
greater with depth. Closure on the D-3 


reef is depositional in origin, while the 
arching above is believed to be a result 
of differential compaction during late 
Devonian time and perhaps subsequent 
tectonic action. This illustration shows 
the steep dip on the flanks of the D-3 
reef and the pronounced thickening of 
the green shale, which forms a strati- 
graphic trap. The D-2 Zone is thought 
to be a shoal reef with porosity pinch- 
outs accounting for the oil accumula- 
tion. 


Development and Production 


As shown in Fig. 9 there are now 
about 45 rigs engaged in development 
drilling in Alberta and most of these 
are located in the larger Devonian 
pools. As at October 1 there were ap- 
proximately 1,085 producing wells in 
the Province and over 80 per cent of 
these were in fields which produced 


high gravity crude. The current market 
demand for Alberta’s light crude is in 
the neighborhood of 60,000 barrels per 
day. Heavy crude production in Alberta 
and Saskatchewan during the summer 
and early fall amounted to some 7,000 
barrels daily. By May of this year de- 
velopment of the new fields had pro- 
ceeded to the point where potential as 
determined according to Alberta Con- 
servation Board allowables equalled 
market demand. Since then the devel- 
oped potential has outpaced producing 
rate. Total reservoir MER for the 
light crude pools discovered to date is 
probably well over twice current market 
demand. The sharp increase this year 
in number of rigs operating and in pro- 
ducing wells and potential is mainly 
due to development at Redwater which 
is believed to be the largest discovery 
in Canada to date. Table I presents a 
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summary of the development and pro- 
duction status of light crude pools. 

No large increase in actual crude out- 
put from Western Canada fields is an- 
ticipated until completion of a pipe line 
from Edmonton southeast to Regina and 
thence to the head of the Lakes at 
Superior, Wisconsin. The line will be 
about 1,150 miles long and its initial 
capacity is to be 70,000 barrels per day. 
From Superior the crude will be 
shipped by lake tanker to refineries in 
southwestern Ontario. Storage capacity 
in excess of one million barrels is to 
be built at the Superior terminal to per- 
mit accumulation of crude during the 
five-month season when the lakes are 
closed. Completion of the project is 
scheduled for the spring of 1951. 


Drilling Conditions 

Drilling depths in pool development 
range from less than 2,000 feet in the 
Cretaceous sand pools of Western Al- 
berta and Eastern Saskatchewan to 
over 12.090 feet for Madison limestone 
production in the foothills. In Devonian 
pools the range is from 1,800 feet at 
Norman Wells to 6,700 feet at Nor- 
mandville. Average depth at Redwater 
is 3,250 feet and at Leduc 5,250 feet. 
The majority of rigs in use are mechan- 
ical with diesel power, and drilling is 
done with rock bits. Most of the drill- 
ing rigs are owned and operated by 
independent contractors. Operations are 
retarded somewhat in the winter by low 
temperature and occasional heavy snow 
falls but not to the point of complete 
standstill. An auxiliary steam boiler to 
supply heat is a requisite during winter. 

Drilling conditions in Western Can- 
ada are not unusually difficult. In the 
foothills the formations penetrated are 
extremely hard and steep dips and 
faults create straight hole problems but 
these are overcome by ordinary tech- 


niques. In the Central Alberta Plains 
the chief problem is that of lost circu- 
lation and blowout danger which is 
faced in drilling into fractured vuggy 
zones of the Devonian. The nature of 
the problem is illustrated in Fig. 10 
which shows the typical geological sec- 
tion at Leduc. Gas is encountered in 
sands in the Belly River group, in the 
Viking Zone. and in Lower Cretaceous 
sands as well as in the D-1 Zone of the 
Devonian and in the top of the D-3. The 
D-3 Zone is extremely vuggy and ap- 
parently cavernous in some areas so 
that even when drilling mud character- 
istics are carefully controlled circula- 
tion is sometimes lost in drilling in this 
zone. This permits the gas zones higher 
up to blow out, the same conditions 
which precipitated the famous blowout 
of Atlantic No. 3. It has not been pos- 
sible to prevent occasional loss of cir- 
culation when drilling into the D-3 and 
similar horizons but a casing program 
is now used which practically elimi- 
nates the blowout danger. For a D-3 
well at Leduc, 1034-inch surface pipe is 
set below the glacial drift, usually at a 
depth of 300 feet, and a 9-inch hole is 
then carried to the base of the green 
shale just above the pay. At this depth 
a 7-inch long string is cemented in the 
hole and the D-3 Zone is then drilled 
through the 7-inch. The well is usually 
completed through perforations in a 
5-inch liner which is cemented from bot- 
tom hole through the D-3 gas cap and 
up into the 7-inch. 


Well Logging and Coring 

In addition to drill cutting and core 
examination the most widely used form 
of logging in Western Canada is the 
usual electric log of self-potential and 
resistivity characteristics. In recent 
months Gamma ray and neutron log 
services have become available and are 
finding use for limestone formation 


logging. Probably the most valuable 
single tool for logging the vuggy frac- 
tured zones of the Devonian biotherms 
is the diamond core barrel. Core recov- 
ery in excess of 95 per cent is now usu- 
ally achieved with the diamond barrel. 
Some difficulty is experienced in coring 
zones which tend to take drilling fluid, 
but the technique and the tools have 
been improved to the point where loss 
of circulation does not prohibit coring. 
Diamond core head performance has 
been improved by increasing the hard- 
ness of the matrix and enlarging water 
courses and in one company’s experi- 
ence average footage cored per bit has 
been increased from 225 to 450 feet 
during the past two years. Diamond 
coring costs now compare favorably 
with conventional methods. 


Well Completion Methods 


Well completion methods in Devonian 
pools vary with the type of reservoir, 
and to some extent because of the usual 
differences among operators’ prefer- 
ences. The following generalizations 
will indicate how practices vary with 
reservoir conditions. In the relatively 
tight D-2 Zone at Leduc, where lost cir- 
culation is not a problem, open hole 
completions are made with casing set 
above the pay, after the hole has been 
drilled to total depth. Acidizing is prac- 
tised as part of the completion usually 
only when necessary to cause the well 
to flow or to improve its flowing char- 
acteristics. Because the formation is 
predominantly dolomite, acidizing is 
not outstandingly successful in increas- 
ing initial potentials. It has yielded bet- 
ter results in wells which have been on 
production for six months or more. In 
the D-3 Zone at Leduc, where most com- 
pletions are now made through per- 
forated liners, acidizing is usually not 
considered necessary. 

At Redwater where there is no gas 
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cap to be shut off in the D-3 Zone most 
operators favor open hole completions 
unless the well is drilled below the 
water table for reservoir information. 
In this limestone reservoir acidizing is 
widely practiced, not so much for the 
purpose of increasing potential as to 
decrease the differential between reser- 
voir shut-in pressure and flowing pres- 
sure. Because the formation takes acid 
on a surface vacuum a jet gun is used 
to provide better coverage of exposed 
formation in open hole completions and 
double packer acidizing tools are used 
to acidize through liners. 


Producing Conditions 


In all of the new large Devonian pools 
in Alberta first production has been ob- 
tained by flowing but in many instances 
artificial lift will be necessary sooner 
or later during the producing life of a 
well. There is a good supply of hydro- 
electric power in Central Alberta and 
judging from installations which have 
been made by a number of operators 
thus far sucker rod pumping with elec- 
tric power will be employed at fields 
such as Redwater and Leduc. Produc- 
ing operations are not seriously ham- 
pered by cold weather if proper steps 
are taken to provide some form of heat 
at tank batteries. Common practice is 
to install a low pressure steam boiler at 
each tank battery and provide steam to 
thaw meters and lines and for heating 
stock tanks when necessary. One pro- 
ducing problem which faced operators 
early in the development of the new 
fields is that of emulsion treating. When 
Leduce wells began producing water in 
small amounts it was found that it 
would be necessary to dehydrate to very 
close specifications to provide crude ac- 
ceptable to local refineries. This condi- 
tion arises because of the very high salt 
content of water produced from the 
D-3 Zone. The emulsion treating prob- 
lem is not difficult in the usual sense 
and by installing emulsion treaters and 
with the proper selection of treating 
chemicals and methods, deyhdration to 
very low water percentage is practical 
even in extremely cold weather. 

Principal producing conditions and 
crude characteristics for some of the 
Alberta fields are summarized in Table 
If. It will be noted that most of the 


and flow lines is something of a prob- 
lem especially at Redwater but fortu- 
nately pour point of the crude is fairly 
low. The gas produced from the Madi- 
son limestone at Turner Valley and 
Pincher Creek is quite high in H.S con- 
tent, while in the new Devonian pools 
only Redwater has sour gas. 


Reservoir Characteristics 

The variation in reservoir conditions 
encountered in Western Canada is com- 
parable in degree to the wide range of 
depths and formation types. At one ex- 
treme is the shallow Cretaceous sand 
production where pressures and gas-oil 
ratios are low and the crude is viscous, 
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TABLE | while at the other is the deep Madison 
limestone distillate production in the 


Alberta Light Crude Production foothills with high reservoir pressures 
and temperatures (See Table II). 


. O44 
October 1, 1949 While most of the Upper Devonian 


reservoirs are of the same general type. 


aa - _—e ; ; each requires the usual individual anal- 
Approximate 


Approximate Preducing Rate ysis and study. The new fields, begin- 
Produc No. of Bbls/Day - P 
Pool a (| Wells September 1949 ning with Leduc-Woodbend, do not yet 
Ledue-Woodbend | peeD3 | 315 31,500 have sufficient production history to 
Redwater D-3 | 195 20,900 emi Ta%0 a 7 
Golden Spike D-3 1 300 permit thorough analysis of reservoil 
Stettler... . D2&D-3 | a behavior but certain tentative conclu- 
Turner Valley | Madison | 307 10, 100 ; 

Others 61 1,600 sions can be drawn. The D-2 Zone res- 

| = oa = . 
| 880 64,700" ervoir at Leduc does not have a large 
ee oe ee — uniform water body underlying the oil 
*September production higher than normal demand because of harvesting season. and there are only small and localized 


gas caps. Consequently, the primary re- 
covery mechanism is expected to be so- 
lution gas drive. The D-3 Zone has a 



























































































































S.P. P _ormeeeer = large gas cap, approximately 1.3 times 
A or the oil saturated section in volume, and 
aaa there is some 600 feet of water zone 
DwawAe, underlying and connected with the oil 
am pay. Gas cap expansion is expected to 
= be the primary recovery mechanism but 
4 Fs water drive action might also have an 
7 important role in depleting the reser- 
LL D l Z O NE — At Redwater there is - gas “e 

Zz and the D-3 Zone crude is under-sat- 
rae urated. There is approximately 1,000 
3 feet of porous water-bearing formation 
sad, underlying the oil and apparently the 
Lars oil and water zones are well connected. 
i“ “4 It is too early to predict whether the 
ally size of the aquifer in relation to the 
x volume of the oil pay is such as to per- 









mit a fully effective natural water drive, 
but the low pressure decline rate to 


A N H Y D F Z O N E date indicates that water influx is tak- 


ing place. 


RED BED ZONE One of the principal problems of the 
i eee geologists and reservoir engineers in 
dealing with the reef reservoirs is to 

evaluate the distribution of porosity 

D 2 Z ONE between the intergranular type and the 
porosity made up of vugs and fractures. 

The problem was first attacked through 

sample examination and by visual meas- 

urements of core surfaces but analytical 

techniques are being developed utilizing 

EA DOLOMITE the large diamond cores. An Imperial 
S H. Z O N E Fo LIMESTONE project using an adaptation of the Pur- 
Ss cell method with large cores is now 

SILT showing considerable promise of yield- 


7 ing an accurate quantitative expression 
DS mi D 3 Z O N E ANHYDRITE of pore size distribution at very reason- 
44 seo’ i, [ SHALE able cost. A paper on this work may be 


published in the new year. 
















































































Fig. 6—Devonian Section—Typical Ledue Well Showing Electric Log Anomalies. Porosity and permeability are being 
measured on the large diameter dia- 
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mond core samples with what are be- 
lieved to be more accurate results than 
those obtained from the usual small 
core plugs. This work is important not 
only to reserves estimating and reservoir 
analysis generally but to the planning 
of producing methods and secondary re- 
covery programs. An indication of the 
magnitude of porosity and permeability 
found in the Devonian reefs may be 
had from the following tentative data. 
The dolomitic D-2 Zone at Leduc-Wood- 
bend has an average effective porosity 
of about 10 per cent and permeability 
of 25 millidarcies. The reef dolomite 
in the D-3 Zone has an effective porosity 
averaging approximately 13 per cent 
and permeability of 300 millidarcies. 
Effective porosity in the D-3 limestone 
at Redwater is currently placed at 10 
per cent and permability at 800 milli- 
darcies. 


General Operating Conditions 


Oil field operations in Western Can- 
ada are more nearly similar to those in 
United States fields than to “foreign” 
operations as typified for example by 
South America or the Middle East. Al- 
though the Crown or Provincial Govern- 
ment is by far the largest mineral own- 
er in Alberta and grants prospecting 
rights on large blocks of acreage there 
is a fair sprinkling of freehold leases in 
many areas of the Province. Competi- 
tion among operators is also encouraged 
by the Government’s policy of offering 
proven or semi-proven “Crown reserves” 
for sale by sealed bidding. When a dis- 
covery is made on an exploratory “res- 
ervation”, the size of the lease which 
the operator may acquire for develop- 
ment purposes is restricted and the 
Government may then, from time to 
time, sell parcels of its Crown reserves. 
This policy tends to increase the num- 
ber of operators in a pool. There are 
now in the neighborhood of 120 oper- 
ators actively engaged in exploration 
and development in Western Canada. A 
majority of the United States firms 
which are usually classed as the major 
companies are represented through Can- 
adian subsidiaries while independents 
are made up of both United States and 
Canadian operators with the latter be- 
ing in the majority. 

There is no lack of the usual oil field 
specialized services including all types 
of well logging, acidizing, cementing, 
gun perforating, and laboratory facili- 
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TABLE II 


Producing Conditions and Crude Characteristics Five Alberta Oil Pools 
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Fig. 7— a. Devonian D-2 Zone Core Samples, Leduc Pool. 


b. Devonian D-3 Zone Core Samples, Leduc Pool. 
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Fig. 10 — Leduc Geological Section Showing Casing Program for D-3 Zone. 


ties. Equipment supply store stocks 
were somewhat limited up to two years 
ago but the supply situation with re- 
spect both to competition and stocks 
now compares with most major oil pro- 
ducing areas in the United States. So 
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far all of the seamless tubular goods 
used in Canada comes from the United 
States mills but much of the line pipe 
and an increasing proportion of tank 
and separator steel is of Canadian man- 
ufacture. No import duty is collected on 
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most of the material used in drilling 
and equipping oil and gas wells. 
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OPEN MEETING OF THE. EXECUTIVE COMMITTEE 


PETROLEUM BRANCH, AIME 


San Antonio, Texas, October 5, 1949 


CHAIRMAN ELKINS: The minutes of the Executive Com- 
mittee meeting in San Francisco were published in the jour- 
NAL. If there are no questions, we will consider them approved. 

The second item on the program is the announcement of the 
Publications Committee and the Production Review Committee 
chairmen for 1950. They are: Owen F. Thornton, The Texas 
Co., Chairman of the Publications Committee; and D. V. 
Carter, Magnolia Pet. Co., Chairman of the Production Re- 
view Committee. The members of the Publications Committee 
are: J. M. Bugbee, Shell Oil Co., Houston, Vice-Chairman; 
R. C. Craze, Humble Oil & Ref. Co., Houston; Eldon N. 
Dunlap, California Research Corp., New Orleans; D. L. Mar- 
shall, DeGolyer and MacNaughton, Dallas, and J. L. Hoyt, 
Pan American Prod. Co., Houston. 


We will now have a report from the Chairman of our 1949 
Publications Committee, Gordon Fisher. 


Publications Committee Report 

G. H. FISHER: The Committee had on hand at the time its 
year began, 32 papers, none of which had been cleared for 
publication. In the year prior to October 1, 1949, 47 additional 
papers were considered, while 34 others are anticipated as a 
result of the fall meetings. This makes a total of 113 papers 
considered to have been in the hands of the Committee this 
year. Thirty-five papers have been published in the JourNAL 
as Technical Papers and 14 as “Articles,” while 14 papers 
have been rejected. At this time, 3 Technical Papers and 1 
“Article” are approved, with publication pending. 

The Committee this year was operating under a greater 
publications demand than had existed in the past, by reason 
of the monthly issuance of the JourNa.. I would like to urge 
the entire membership of the Petroleum Branch that when 
selected as readers they return their opinions promptly so 
that delay in deciding upon the papers will be minimized. 
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It is recommended that the practice followed this year with 
reference to “Articles” for the JouRNAL be continued, in order 
that the papers which in many cases are impaired in value 
if several months’ delay is occasioned, may be published 
shortly after their receipt. It likewise is recommended that 
a revision be made with regard to relations between the Main 
Publications Committee in New York and the Auxiliary Pub- 
lications Committee of the Petroleum Branch. It is my feeling 
that Technical Papers for the JourNAL should not require 
approval from New York, and likewise that notices of rejec- 
tion should be sent by the Petroleum Branch Committee with- 
out reference to New York. These statements are made after 
careful and deliberate consideration of the operation of the 
Branch Publications Committee during the past year. 


In closing, I should like to express my gratitude for the co- 
operation of the Committee members and W. H. Strang. 


CHAIRMAN ELKINS: Thank you, Gordon. Everyone who 
thinks about the problem Gordon and his committee had this 
year in gearing up for the JourNAL realizes that they have 
done an excellent job. 


I believe we should add emphasis to the problem of ob- 
taining prompt reader comment. I know how easy it is for 
a reader to stick the paper in his basket and forget it for a 
week or two. That hampers the Committee; they’re trying to 
get the magazine out. Our relationship with the Publications 
Committee of the AIME in New York deserves discussing. The 
matter was discussed with the Board last year and it was 
recognized that the Petroleum Branch was different from the 
other Branches. The Board was inclined to give almost full 
authority to our Publications Committee. However, this year 
such a relationship has never fully developed. I believe the 
Board would still be agreeable to delegating much more respon- 
sibility to our Publications Committee. 
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We are very happy to have with us Mr. Robie, who is our 
Secretary in New York. I want him to feel free to make any 
comments that he wants to. 


There followed a discussion joined in by the Chairman and 
S. E. Buckley, C. V. Millikan, E. H. Robie, G. F. Moulton, 
G. H. Fisher, V. H. Decker, J. H. Murrell, P. Andrews and 
1. W. Alcorn which involved, in too much detail for general 
interest, the past and possible future definition of Branch 
Publications Committee authority. It was concluded by the 
following motion: 


J. H. MURRELL: I move that the past and present chairmen 
of the Branch Publications Committee get together with the 
Chairman of the New York Committee and work out a satis- 
factory procedure in line with Institute policy. 


S. E. BUCKLEY: I wish to amend the motion to include the 
instruction that our Committee chairmen, prior to discussion 
with the New York Committee, draft a set of working rules to 
serve as a basis for discussion. 


Mc..vn and amendment were carried. 


CHAIRMAN ELKINS: The next topic is a report from the 
1949 Membership Committee. The Secretary will represent 
F. H. Briggs, the Committee Chairman. 


Membership Committee Report 
W. H. STRANG: The principal activity to date has been a 


postcard canvass in which all members in the U. S. were asked 
to submit to us the names of one or more non-members. Over 
600 people have helped to the extent of 1,021 names. We have 
sent these prospects two complimentary copies of the Jour- 
NAL. To the first copy we attached a sheet explaining that 
this complimentary subscription was to give them background 
on the AIME, and telling them that we would give them infor- 
mation on the nearest AIME local organization by other means. 
The prospect list has been broken down by F. H. Briggs to 
his regional, Membership Committee representatives and for 
the most part, I believe, they are now in the process of 
extending personal invitations to these people to apply for 
AIME membership, supplementing this by invitations to Local 
Section meetings. 


The cost of mailing these 1,021 copies of each of two issues 
of the JournAt has been borne by the Special Projects Fund; 
that is, it is not taken out of Institute operating revenue. The 
total cost has been about $250. 

It is too early to tell exactly what the results of such a 
membership procedure will be, but already there are indica- 
tions of success. Regardless of results over the next several 
months, I believe that the flow of new members next vear 
and the following year may in some part be attributed to 
the fact that this year we gave these prospects a clearer con- 
ception of the AIME than they might have had otherwise. 
I don’t think that we can ever totally evaluate this new mem- 
ber solicitation process, but I do think that even with the 
results that we can definitely fix, we will find it a successful 
method of attracting new members. 

Figures for five months, April to August, indicate 138 new 
members for the Mining Branch, 124 for the Petroleum 
Branch, and 72 for the Metals Branch. The Petroleum Branch 
is only numerically 25 per cent of the Institute strength, so 
these figures indicate that, as in the past several years, we 
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are gaining strength much more rapidly than the other two 
Branches. You can make various projects of the trend of 
membership growth but from the best figures available, it 
appears that in about, let’s say, five to ten years the Petroleum 
Branch will be the largest in the Institute. 


E. H. ROBIE: I think most of that advance has been due to 
the excellent work the Dallas office has been doing. 


W. H. STRANG: Thank you. I think the principal factor has 
been our very excellent membership committees. For example, 
Terry Pollard last year did a lot of work. He applied himself 
to the task as well as any man possibly could and got good 
support from his committee throughout. 


CHAIRMAN ELKINS: On the basis of the report that the 
Membership Committee put out for the first eight months of 
this year, we had 454 new members which, of course, includes 
some transfers. That is 35 per cent of the total new members 
of the same type for the entire Institute. 


Changes in Statistics Volume 

Let us proceed to the next topic; the discussion of the pro- 
posed changes in the Statistics Volume. As background for 
that topic, I will mention that at present it costs us about 
$12,000 to put out the Statistics Volume. That is financed to 
the extent of $5,000 by the Doherty Fund provided by the 
Cities Service Oil Co., and we therefore have to look to other 
sources for the $7,000. 


J. H. MURRELL: It cost that much more last year, but it’s 
not going to cost that much more this year, is it? 


W. H. STRANG: That much, less probably $800 saved by a 


revised method of proofreading. 


CHAIRMAN ELKINS: Your Executive Committee is trying 
to make every function of our organization self-supporting, 
and in doing so we have considered several ways and means 
of getting the same information to our membership for less 
money. We have made the pledge to you that in three years 
we hope to be able to bring about a reduction in dues. Two 
years more will tell. 

The Secretary has a report that has been forwarded to the 
Executive Committee which I would like to have him sum- 
marize at this time, regarding a proposal which we have for 
handling this next year’s problem. 


W. H. STRANG: The proposal is this: That we change the 
forms and instructions sent to authors of the statistical reports 
so that when copy is received from these authors it is fit for 
reproduction immediately by the lithographic process; and 
that these reports as they come in from February through 
September be carried as a separate section of the JOURNAL. 
The reports can be printed as rapidly as they come in. There 
will be only minor delays because there is no question of 
proofreading in offset lithography. 

This plan eliminates the cost of hard binding, and because 
offset lithography is so markedly cheaper than linotype com- 
position, indications are that we can circulate those statistical 
reports for a figure about, or possibly under, the amount of 
the Doherty contribution. This system has the added advan- 
tage of getting the reports out as they come in. The statistical 
authors’ works — and those compilations are really tedious 
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things — will be brought to the attention of far more people 
than now see them. 

Another advantage is the strength which this would add 
to the JourNAL and what it might mean in a few years in 
terms of more advertising revenue. Certainly these statistics 
have a lot of popularity and strength that is not now bene- 
fiting the JourNAL. 

There are disadvantages. The authors would be limited in 
the form in which they prepared the tabular material. Unique 
conditions in certain areas couldn’t be treated exactly as the 
author might want to treat them, because of the rigid limita- 
tions imposed by the mechanics of offset lithography. The 
appearance of the printed sheets would not compare with 
those in the other sections of the JourNAL. 

There is an alternative step open to us, in that if it is de- 
cided to put the Statistical Section in the JouRNAL, it would 
then be worthwhile to investigate Varityping, which means 
that the copy would be received from the author in usual 
forms, transcribed by Varitype process and then reproduced 
by offset lithography. In the transcription by Varitype every- 
thing could be made neat and you would have some flexibility 
in transposing the copy as the author put it down into some- 
thing that would meet his wishes when it was finally printed. 
There again, you introduce the delay and the expense of 
proofreading and the delay and expense of Varitying. 


J. H. MURRELL: Wasn’t there something else — that these 
‘sheets could be saved and put together in a final volume for 
those who wished to pay for them? 


W. H. STRANG: Yes. This section of the JourRNAL could be 
overrun and these accumulated monthly sections could be 
bound in November into a hardbound volume and furnished 
to those who wanted it at cost, which is estimated at $3.00. 
It should be mentioned that the new plan has this further dis- 
advantage. As reports would be printed as they come in, 
neither their order of occurrence in the volume or the Jour- 
NAL would be in a natural order. 


J. H. MURRELL: That could be corrected in the bound book, 
couldn’t it? 


W. H. STRANG: When you print the magazine pages cer- 
tain numbers are on them and it would be impossible to 
change the numbers on an offset plate. The book would be a 
stacking of the sections as they occurred in the magazine. We 
would furnish a Table of Contents which would enable any- 
one to readily locate any particular report. 


H. F. BEARDMORE: Would the inclusion in the JourNAL 
of the Statistics reports still attract the Doherty contribution? 


W. H. STRANG: We are hopeful that it would. Mr. Lovejoy, 
I believe, knows about the proposal and there has been no 
indication that the contribution would be cut off if we changed 
the method of distribution. If that were to take place then 
we would have to abandon the whole plan. 


S. E. BUCKLEY: What would be the additional cost if in- 
stead of just shooting them as they come in, you go through 
the auxiliary typing? 


W. H. STRANG: I can’t tell you accurately now. I had hoped 
that the Committee would decide today that publication in the 
JOURNAL was an appropriate means of circulating the statis- 
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tical reports. I would then investigate the cost of Varityping 
and report. Certainly it would increase the cost $2,000. 


B. C. CRAFT: From your experience, isn’t it almost a cer- 
tainty that it will be necessary to Varitype the reports? Don’t 
those papers come in rather untidy and smeared? I remember 
when I had something to do with that, we got them in ink, 
typewritten, in pencil, and in all forms. 


S. E. BUCKLEY: Using the original report would discredit the 


magazine. 


W. H. STRANG: Our hope of being able to photograph the 
author’s original report is based on a plan to revise the stan- 
dard authors’ forms so that they can be completed on a 
typewriter, and in addition to give the author stringent instruc- 
tions on neatness, spacing, etc. It would be hard for the 
authors to comply with all of these mechanical requirements. 
That direct offset lithography could do the job at all is based 
entirely on the hope that we could get a terrific amount of 
conformance on very small details. 


D. V. Carter of Texas, Gerald Eddy of Michigan, and Ray 
Larsen, of Wyoming, Production Review Committee members, 
have all indicated approval of the basic idea of circulating 
the statistical reports by means of the JourNAL. They are all 
men who are familiar with problems from both the author’s 
viewpoint and the committee viewpoint. D. V. Carter is of 
the impression that if the principal production and geological 
executives of the various larger companies were contacted, 
they might place with us standing orders for large quantities 
of copies for placement in all their district and division pro- 
duction and geological offices. 


V. H. DECKER: I move that we accept the new method of 
publishing statistical volumes in the JourNAL and that the 
details be left to the Secretary. 

The motion was seconded and carried. 


Illinois Basin Chapter 
CHAIRMAN ELKINS: We have a petition from a group 


centering in Mount Vernon, Illinois, operative for several 
years as the Illinois Society of Petroleum Engineers, asking 
permission to affiliate as the Illinois Basin Chapter of the 
Branch. Their by-laws have been submitted to the Executive 
Committee. One question has been raised, concerning the fact 
that there is no specific provision in these by-laws as to 
whether or not non-members of the AIME can vote on policy 
matters of the AIME. The by-laws set forth a provision that 
the officers of the Chapter will be Members of the AIME, 
but that the three members of the Board may be “local” mem- 
bers and not members of the AIME, provided that “Local 
Membership” is at least 15 per cent of the total membership of 
the Chapter. Whenever we give sanction to the conversion of 
an existing organization into an AIME group and provide 
for local members, there is always concern as to whether or 
not non-AIME members, numerous in the original organiza- 
tion, will get adequate representation. Conversely, they aren’t 
supposed to vote on AIME matters except those of purely local 
significance. I have gone over this with Cecil Hamman who is 
here representing the Illinois Basin Chapter and recommend 
to the Executive Committee that we leave it to the officers of 
the new Chapter as to whether a sentence can be included in 
the by-laws that will clarify this matter. Even if they feel that 
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this should not be done I still recommend that we approve 
the petition just as it is, because I don’t think the omission 
will ever cause any difficulties. As far as the Institute is con- 
cerned in the election of officers in the new Chapter, it is well 
protected. 


B. C. CRAFT: Mr. Chairman, I move that the Executive Com- 
mittee approve the petition and by-laws as submitted, and 
that a charter be granted to the Illinois Basin group. 


The motion was seconded and carried. 


CHAIRMAN ELKINS: For your information, we may have 
another chapter making petition for a charter in Casper, Wyo- 
ming, very shortly. Interest up there, and in Denver, is at a 
high level, and I think the leadership up there will develop 
it this fall. 


T. C. FRICK: Mr. Chairman, in the Permian Basin we have 
a group in and near Lubbock, Texas, who have approached 
us about forming a Section at Lubbock. Because of the lack 
of members in numbers, I have not encouraged the formation 
of a complete new Section, but I do feel that something could 
be done up there. They point out that there are potentially 
75 or 100 engineers in the locality who are not now members 
of the AIME. At the present time there are about 30 AIME 
members in the vicinity of Lubbock. It is my opinion that 
this is too small a group to form a very active Section, because 
there are actually only 12 of those residing in the town of 
Lubbock. If the Committee has no objection I believe I will 
make the suggestion to the Lubock group that they try the 
Sub Section idea for a year and see if they can increase their 
membership. 


S. E. BUCKLEY: Do they really want to form a Section, or a 
Chapter of the Petroleum Branch? 


T. C. FRICK: They want to form a separate Section. 


S. E. BUCKLEY: If it’s a Section they want, that’s not this 
Branch’s business, is it? 


W. H. STRANG: That is correct, except possibly in an ad- 
visory capacity. 

S. E. BUCKLEY: A Section is entirely distinct from a Chap- 
ter of the Petroleum Branch. A Section like the Gulf Coast 
or the Permian Basin is a part of the Institute as a whole, 
isn’t it? 

W. H. STRANG: You are perfectly right. The Branch is 
supposed to have no authority or responsibility as to the 
administration of Local Sections. 


CHAIRMAN ELKINS: The expression of the Executive Com 
mittee, unless you correct me, is that we do not believe the 
Lubbock group is big enough to apply now for Section status, 
but that, under the Permian Basin, a Sub Section, or study 
group, or whatever you may wish to call it, with some iden- 
tity and local organization. is perfectly in order. 


E. N. DUNLAP: The Mississippi Sub Section has somewhere 
around 125 members. 


CHAIRMAN ELKINS: Let me ask you a question. When you, 
as chairman of the Delta Section, get a check from New 
York, say, for $50 for 25 new members, what do you do with 
it? Do you keep it or do you send it up to your Sub Section 
if they happen to have the new members? 
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E. N. DUNLAP: Most of the recent new members have come 
from the New Orleans area and no allocation of the refund 
has been made; we plan to allocate the accumulated refunds 
on the basis of new members during the year. 


CHAIRMAN ELKINS: My reason for asking that question 
was that we have the same problem Institute-wide with our 
Chapters, which do not have Section standing. I am going to 
try to work out with Mr. Robie a method on that. Sometimes 
a Petroleum Chapter which is within a geographic section 
contributes a lot of new members, but since they are not 
integrated with their Section, and are not, in some cases, even 
participating in the government of the Section, the initiation- 
fee rebate goes back to the Section and the Chapter may not 
get anything. 


1950 Fall Meeting Site 
The next topic is confirmation of the 1950 easternmost fall 
meeting site. This is a matter for official action. 


W. H. STRANG: The Committee will recall that at San Fran- 
cisco Mr. Dunlap issued an invitation from the Delta Section 
to establish New Orleans as the site for one of our 1950 fall 
meetings. The Executive Committee at that time instructed 
that the facilities be investigated so that the decision to meet 
in New Orleans could be made final at this meeting. 

The hotel facilities in New Orleans are adequate, the 
expense no greater than would be expected, or no greater 
than we are accustomed to in connection with these meetings, 
and the dates that we wanted have been granted us — October 
4-6. I recommend that the Committee now confirm New Or- 
leans as the site of the 1950 Petroleum Branch easternmost 
fall meeting. 


CHAIRMAN ELKINS: What are the dates for the ASME 


meeting in New Orleans next year? 


B. C. CRAFT: I believe it has been set for September 27 
and 28. 


G. F. MOULTON: I move that the fall meeting dates be 
approved as October 4-6, 1950, in New Orleans. 


The motion was seconded and carried. 


J. H. MURRELL: May I ask a question that I know will be 
very unpopular. Why do we move around to have our meet- 
ings? Why don’t we set one central place and meet there 
every year? 

S. E. BUCKLEY: Too many people don’t like Dallas! * 

R. J. BETHANCOURT: If we didn’t have these meetings you 


wouldn’t have any place to go in your life! 


J. H. MURRELL: That’s a good answer. 


Selection of AiME Directors 

CHAIRMAN ELKINS: We may get to the point where the 
hotel situation forces us to choose from two or three cities. 
The next item on the agenda is a report on the activities of 
the AIME committee studying revised methods of Director 
selection. Most of you recall that the Johnson Committee and 
a Committee on Democratization have continually held up 
before the Board of Directors the recommendation that it con- 
sider reorganization of the Board itself. It has been suggested 
that the Board be made smaller; that the Board have fewer 
meetings; and that these be spread geographically. There has 
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been a suggestion made that younger members be appointed 
to the Board. 


The Board several months ago appointed a committee to 
clarify the instructions to the Nominating Committee, which 
always runs into difficulty when it comes to nominating the 
Directors. At the request of the Petroleum Branch, the Board 
was also asked to reconsider the methods of nominating the 
Directors. 


Your chairman happens to be on the committee to which the 
Petroleum Branch proposal was handed for study and recom- 
mendation. I want to get any expressions in regard to Director 
selection that you might have. 


Under the proposal that the Branch Executive Committee 
made, the number of Directors would be reduced very little. 
There are now 36 on the Board. There would be 31 ultimately 
under our proposal. Secondly, there would be three nomi- 
nating groups: the Board of Directors would nominate the 
Vice-President and President; each of the Districts would 
have a certain allocated number of Directors and would 
nominate Directors to fill vacancies in their own Districts 
(the Nominating Committee in each District would be the 
Chairmen of Sections in that District, with the chairmanship 
of the Committee rotating between the Section Chairmen) ; 
and each of the Branches would be responsible for filling 
three Directorships, in addition to the Chairman of the Branch 
who is a member of the Board, ex-officio. 

There are many who would like to see a Board of Directors 
numbering 12 or 15. There is argument on the other side, too. 
It’s hard to get a meeting now of 12 or 15 with 36 on the 
Board; If you cut it down to 12 or 15 it would be all the 
harder. You probably couldn’t get representation with a 
smaller Board. At least, with 30-35 members on the Board, 
they are all out and interested in things; they participate in 
action of the Board on items coming in through the mail, if 
not by actual presence. The group on Democratization thought 
a smaller Board would be better, but maybe it would not be 
better. Those are the viewpoints. 


J. H. MURRELL: How often do you meet now? 


CHAIRMAN ELKINS: The Board met this year about 10 or 
11 times during a 12-month period — at least 10 times. 


J. H. MURRELL: What’s the reason for such a great number 
of meetings? 

CHAIRMAN ELKINS: Mr. Robie might better answer that, 
but I think probably the reason this year was that the AIME 
was going through a reorganization and we just couldn’t af- 
ford to wait three months for some of the decisions that had 
to be made. Is that right? 


E. H. ROBIE: We will have had a Board meeting in every 
month except August, October and December. Those Board 
meetings have had so much important business that they each 
ran from three to seven hours. 


J. H. MURRELL: Will it continue that way? 


E. H. ROBIE: I don’t think so. Six to eight meetings should 
be adequate in 1950. 


J. H. MURRELL: There are some very large corporations 
which have Boards that have much more business than the 
AIME, and yet meet only once every three months. 
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E. H. ROBIE: | think that is entirely practical. The Execu 
tive and Finance Committee can meet for routine matters 
in the intervals, but we want to disabuse members of any 
idea that the Executive and Finance Committees and the 
Secretary are making policy decisions, and that the board is 
merely a rubber stamp. 


J. H. MURRELL: Wasn’t it planned that these Board meet- 
ings would be held in different sections of the country? 


E. H. ROBIE: Yes, we plan to have an annual meeting every 
other year out of New York. We usually have a Board meeting 
at the time of the fall meeting of the Institute, and another 
meeting in some central place like St. Louis has been sug- 
gested. In that way we would have at least three meetings 
out of New York. 


J. H. MURRELL: If the Board is going to meet in various 
places and meetings are to be fewer in number, I don’t see 
the reason in the future for the great concentration of Direc- 
tors in New York that we have had in the past. 


E. H. ROBIE: I don’t think that should be necessary. 
CHAIRMAN ELKINS: One of the problems of this Commit- 


tee is a reapportionment of the Directors through the Districts, 
and that has been seriously considered. I think every member 
of the Committee feels that the number in New York can be 
cut down in these days of fast travel. Suffice it to say that 
the Committee is seriously considering all the angles, and 
that whatever action is taken will be healthy. 


As far as the Petroleum Branch is concerned, we are well 
fixed. With Charlie Millikan, Harold Decker and Gail Moulton 
as Directors — all of them for three years starting next Feb- 
ruary — and our Chairmen as they come along, I think we 
will be well represented and can keep the Board well ad- 
vised of Branch opinions. 


S. E. BUCKLEY: Eventually I think we will have an Institute 
structure in which the technical activities will be carried on 
entirely in the Branches, and the Branches will be the func- 
tioning units of the Institute. I think that is incompatible 
with geographical Sections of the Institute which are function- 
ing now, and that those will have to be integrated together 
eventually in some satisfactory manner. We are beginning 
to see the crumbling at the edges —conflicts between Chap- 
ters and Sections, where Chapters align themselves with a 
technical activity and Sections represent a more diverse view- 
point. The thing that the Institute will undoubtedly have to 
strive for will be the preserving of what common interests 
there are among people of diverse technical activities, even 
though they carry on their work through the Institute in 
technical functions. 

Looking down the road it seems to me as though, in line 
with the organization we now have, the Directors will even- 
tually have to be representative of the functional Branches of 
the Institute rather than of the geographical Sections. I am 
a little reluctant, therefore, to see at this stage any freezing 
of the apportionment of Directors. As I understand the situ- 
ation now, there is rather an unofficial understanding than 
a clear directive in accordance with the by-laws. The by-laws 
set up certain conditions, but there are certain agreements 
that go beyond the by-laws with regard to apportionment of 
Directors in the various geographical areas. If the present 
situation is working reasonably satisfactorily, it might be in 
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order to delay a final revision of the by-laws which would 
direct in detail the manner of election of Directors until such 
time as we are prepared to redraft the set-up entirely, with 
Directors appointed or elected primarily from the Branches 
rather than from the geographical areas. 


p. ANDREWS: I think I might make a comment with refer- 
ence to your remark that this Branch expansion situation will 
eventually be the rule more than it is now. 

In the Southern California Section we have a very diverse 
group as far as technical interests are concerned. It is the 
largest Section in the Institute. Some years ago it was decided 
by the petroleum people that they had no direct voice or means 
of communicating their desires, so the Petroleum Chapter 
was formed by petition to the Branch. Through the years 
we have attempted to correlate the desires and requirements 
of the Petroleum Chapter with the Section, but we have found, 
after testing it in many ways, that it isn’t too satisfactory. 

This year the Chapter officially set up its own organization. 
It had a functional organization as far as officers and Council 
were concerned, but no direct contact or control over its own 
finances, mailing lists and things of that type, and there was 
some overlapping with the technical programs of the Section. 
So we simply followed suit and set the thing up on a Branch 
basis as the Institute did and, as a result of that action, the 
Executive Committee of the Southern California Section last 
Thursday voted to submit to the membership of the Section 
an entirely new set of by-laws which embody an organization 
on a Branch basis, in that the Board of Directors of the 
Southern California Local Section would be composed of the 
incumbent and the immediately past chairman of each of the 
three Local Branch groups. These six will be empowered to 
choose the seventh member who will be a Secretary or Sec- 
retary-Treasurer as desired. The officership within that group 
will then be chosen on a rotational basis. The Section itself, 
due to its diversity, will be simply a liaison group which will 
handle only affairs which affect the full Section membership. 


E. H. ROBIE: I’m wondering what the situation would be if 
your Chapter embraced two Local Section territories. For 
example, this new Illinois Basin Chapter might be a part ot 
the St. Louis Section territory and a part also of the Chicago 
Section territory. 


P. ANDREWS: During this last year we have formed a sub- 
division of the Pacific Petroleum Chapter in the San Joaquin 
Valley, and started to work on such a sub-division in San 
Francisco. There is a sizable group up there, 50 or 55 people, 
who are principally men in the universities or men who have 
responsible positions in the home offices of several of the oil 
companies. Since San Francisco is organized as the San Fran- 
cisco Local Section, it may be that the Pacific Petroleum Chap- 
ter will need to set up a method of dealing separately with 
each of the two Local Sections in California. 


Petroleum Branch Directory 

CHAIRMAN ELKINS: I think you are adopting a precedent 
out there which some day will have to be integrated into the 
structure of the Institute. The next topic is a report on the 
1949 Branch Directory. 

W. H. STRANG: In February the Executive Committee in- 
structed the printing of a Petroleum Branch Directory. The 
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Directory was printed in June as a separate part of the Jour- 
NAL. It cost $1,891. The Institute is planning to produce an 
Institute Directory next year and I presume therefore that 
we have no intention of producing our own Directory next 
year. We have placed with the Publications Manager, T. W. 
Lippert, the suggestion that the copies of the Institute Direc- 
tory sent to the various Branch members bear a cover fac- 
simile of the magazine of that Branch. 


CHAIRMAN ELKINS: There is no question about the fact 
that we will not want to publish a Petroleum Branch Direc- 
tory next year, is there? 


S. E. BUCKLEY: I’m not sure. I attended the Board of Direc- 
tors’ meeting in San Francisco last year, at which there was 
considerable discussion of the Directory. It was dropped with 
reluctance by the Institute because of the cost. I don’t recall 
the exact figure but I believe it was $12,000 to $15,000. 


E. H. ROBIE: $12,000. 


S. E. BUCKLEY: The Institute couldn’t afford it so they did 
not put out a Directory this year. However, our action in pub- 
lishing our own Directory was called to the attention of the 
Institute as a possible means whereby they could effect an 
economy in the issuance of Directories in the future. A specific 
suggestion was that the Directory in the future might a com- 
pilation of Branch Directories, which would cost the Institute 
a heck of a lot less than $12,000. 


I am wondering if you are merely proposing next year to 
go ahead and spend $12,000 to publish a Directory, or are any 
steps being taken to either 1) have the Branches publish their 
own and group them together for an All-Institute Directory, 
or 2) take some other route that will not cost $12,000. 


E. H. ROBIE: We are very definitely minded to reduce the 
cost of the Directory as much as possible. The Petroleum 
Directory cost in the neighborhood of $1,800 or $1,900, I 
believe, and that was for approximately one quarter of the 
membership. If it had been published for the entire member- 
ship it might have cost around $8,000.00. That’s $6,000 less 
than our cost for the last Directory. One reason for that is 
that the pages which are in front of our Directory, about 115 
of them, are not in the Petroleum Branch Directory. A lot 
of material might be omitted. We hope we can get our 1950 
Directory out for around $8,000 or $9,000. 

S. E. BUCKLEY: Did our Directory, which cost $1,900, come 
entirely out of Branch funds, or did it cost the Institute 
something ? 


W. H. STRANG: It was entirely paid for by Branch funds. 


Section Delegates Council 

CHAIRMAN ELKINS: If there is no other discussion on that 
! would like to proceed to an account of the Gillson Report 
on Democratization of the Institute which was submitted in 
San Francisco to the Board of Directors, tabled and then 
resubmitted, in March or April. This report made several 
recommendations, one of which the Board finally decided was 
worthy of considerable further investigation. They dropped 
the point concerning the Secretary spending 40 per cent of 
his time out in the Sections, but they asked the Committee 
to go back and draw up a final report embodying its recom- 
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mendations concerning the formalization of the Section dele- 
gates. 

The Committee circulated to 43 Sections a questionaire to 
which they got 13 replies. Based upon those replies and the 
spirit of the previous Section delegates’ meeting, they set up 
a program which was approved by the Board and which will 
be put into effect immediately, for formalization of a Section 
Delegates’ Council. They approved a set of by-laws which the 
Section delegates can revise if necessary after they get organ- 
ized. It is provided that a Section delegate will be elected 
for a period of two years. Half the delegates will come on each 
year, so there will be an oriented group all the time. The 
by-laws provide for Delegates Council officers and for meetings 
at the annual and mid-year meetings, with traveling expenses 
paid for the delegates to the Annual meeting. The first meet- 
ing will be held in February in New York. There has been a 
question as to whether that was necessary, but the fact remains 
that the Section delegates have been clamoring for it, so the 
Board approved it. One of the Board members, I think, ex- 
pressed to me exactly what I, too, think about it; that they 
have built up a tremendous hammer to drive a tack. The Sec- 
tion Delegates Council is independent of Branch organiza- 
tions; it reports directly to the Board of Directors with its 
recommendations. The Chairman of the Council is invited to 
sit on the Board, not as a voting member but as an observer. 


H. M. COOLEY: A while ago the Mid-Continent Section re- 
ceived a request to select a delegate for the Columbus Re- 
gional Meeting, which we did. When he asked us what he was 
to do, we were sorry to tell him that we had had no instruc- 
tions, that we had nothing at all for him to do, except go 
there and observe what happened. He is back from that meet- 
ing and he reports that there was no Section delegates’ meet- 
ing so he had nothing to report — no tack and no hammer! 


Matters of Finance 


CHAIRMAN ELKINS: I should also mention that the Board 
allocated $1,000 for secretarial and office expense to handle 
the activation of this Section Delegates’ Council. Let’s proceed 
to the next item on the agenda. I would like to report briefly 
on the 1950 budget and related matters. For one thing, the 
accounting system in New York has now been set up so that 
we can know in a large measure all the money that is directly 
spent on Petroleum Branch functions. On general office ex- 
pense they have a method of allocating salaries, etc., on the 
basis of services rendered, which has to be reviewed from time 
to time as conditions change. For your information I have 
made a few quick facts on Petroleum Branch income for 1949 
based on eight months’ actual expenditures, as compared with 
the budget we set up for this year. We have an income now 
from dues and initiation fees for eight months of $54,700, as 
against a budget estimate of $58,000 for the year. The adver- 
tising income for eight months was $12,100; in the budget 
it was $20,000 for the year. 


On the sale of JourNALs and Transactions to date we have 
an actual income of $12,400; whereas the expectation for the 
year was only $11,500. The Budget Committee is very happy 
to observe that our JourNAL, Transaction orders and sales, 
etc., have done a lot better than was anticipated. Taking the 
whole picture, the total income of $86,000 in round numbers 
for eight months, indicates that we will probably have a 
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greater income for the whole year than we figured. I’m not 
going into detail on the expense items, but the expenses so 
far, which include everything in Dallas, New York, etc., are 
$81,600 for eight months. Our budget provided $114,000 for 
the year. Actually, if you divide that out, it looks as though 
we may spend more than $114,000; it may be $120,000. We 
will be in the red this year, as anticipated before the year 
began. 


You are aware that the Petroleum Branch has been on a 
campaign to get the deficit reduced in every way possible. You 
have heard the discussion on production of the Statistics Vol- 
ume, which may save $5,000 to $7,000, with the other $1,500 
we will have coming in. The Board has also taken another 
action which it means to follow; that is, that the Regional 
meetings, if they have them, and the Annual meetings will be 
self-supporting in so far as possible. We have been budgeted 
to the extent of about $3,000 to $4,000 a year as a Branch 
for the past several years for our pro rata share of that item, 
so there’s a saving next year of $3,000 or $4,000. Increased 
dues next year, and new members paying dues, should increase 
income by about $114,000, which would balance the budget 
right there. But we don’t want to balance it that way. We 
want to be able to take care of it some other way. Also, there'll 
be an increase in advertising, which may total $35,000 or 
$40,000, as compared to $20,000 this year. If that happens, 
the Petroleum Branch at the end of 1950 should be $15,000 
to $20,000 in the black as far as an operating budget is con- 
cerned. Of course, we have been operating in the red for three 
years and we owe that money back. I don’t know how they 
get that money, but they have ways of borrowing it some place 
up there. (Laughter) 


J. H. MURRELL: How do they think we are doing up there, 
Mr. Robie? 


E. H. ROBIE: They think you are doing wonderfully. The 
Directors are very pleased with what has happened in the 
Petroleum Branch this year. 


J. H. MURRELL: You mean because we have stopped belly- 
aching? (Laughter) 


E. H. ROBIE: I won’t produce the reasons. (Laughter) 


Differential Dues Assessments 


CHAIRMAN ELKINS: I would like to point out at this time 
—and I will point it out more formally in February —that | 
think the biggest problem facing the Institute and the Branches 
as they will be organized in the future is a choice of one of 
two things. At the present time the Metals Branch is running 
considerably in the red while the Mining Branch is in the 
black. Someday we will either have to have different dues 
assessment for each Branch, or we will have to cut the services 
of a Branch to fit its budget. I don’t think that in an Institute 
such as ours it is right to have members of one Branch under- 
write the services given to another Branch. 


S. E. BUCKLEY: Maybe Mr. Robie is ‘unprepared but I won- 
der if he could advise us as to whether there are being accom- 
plished this year any effective economies in the Institute as 
a whole? Are the other Branches performing comparably? 


Are we looking toward a reduced deficit ? 


E. H. ROBIE: | think the deficit this year will be some 
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$17,000 less than last year, in spite of the fact that we have 
just taken on Mr. Lippert and a little additional expense in 
his department that amounts to some $10,000 for this year. 
There has been a good deal of promotional expense for the 
new journals, but on the other hand we have made certain 
economies. We have benefited little from reduced publication 
costs because printing costs are about as high as they ever 
were, and salary levels remain much the same. We have 
made some economies in paper. 


J. H. MURRELL: Making a deficit of how much? 
E. H. ROBIE: Well, there will still be a deficit of some $67,000 


Thanks to the Southwest Texas Section 


CHAIRMAN ELKINS: Do we have a formal resolution drawn 
up on the next topic on the agenda? 


Vv. H. DECKER: Yes, we have one. “Resolved that the Petro- 
leum Branch, by action of its Executive Committee, expresses 
its appreciation to the Southwest Texas Section for arranging 
and conducting the excellent Fall Meeting in San Antonio, 
October 5-7, 1949”. Does that sound all right? 


CHAIRMAN ELKINS: That sounds fine. Do you move that 
that be adopted, delivered and publicized accordingly? 
V. H. DECKER: Yes. 


The motion was carried. 


Comment on JOURNAL 

CHAIRMAN ELKINS: The next item was put on the agenda 
to see if we could discover what you don’t like about the 
JourNAL OF PETROLEUM TECHNOLOGY. What you do like about 
it we will listen to, but let’s listen more to the constructive 
criticism, because we’re interested mainly in improving the 
magazine. The Editorial Board and the Editors seriously want 
to hear everybody’s criticism. 


B. C. CRAFT: Mr. Chairman, the August issue is certainly 
one of our better issues. We still have about three pages 
devoted to News of AIME Members, and I feel that anyone 
in the petroleum business who subscribes to the trade jour- 
nal; would have access to this type of information. Since it 
costs about $35.00 per page for printing this appears to be 
expensive news. 

CHAIRMAN ELKINS: The editors of the three magazines 
have gotten together and have made the recommendation to 
the Board that the personals of the entire magazine be divided 
so that each journal can handle its own personals. The Board 
tabled action on that until they had had a full year’s study 
and history. They wanted to be sure that the membership at 
large felt as the editors did before they approved it. When 
next year’s editorial policy comes up, that will be taken under 
consideration, will it not, Mr. Robie? 


E. H. ROBIE: Yes, we have two serious matters to con- 
sider about the All-Institute Section. One is about the per- 
sonals, and one is about the review articles which heretofore 
have gone into the February issue. There is a great difference 
of opinion. In general, with regard to personals, I find that 
people over, say, 40 years old will usually vote in favor of 
having all the personals in each JouRNAL. Young people who 
don’t know as many people, usually only those in their own 
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field, are almost unanimous in saying they are interested only 
in their own Branch personals. 


H. H. POWER, AUSTIN, TEXAS: The men over 40 are all 


on the wrong side of the fence! (Laughter) 


B. C. CRAFT: As far as I am concerned, I fail to see ihe 
advantage of including News of AIME Members in the 
JourNAL, particularly that part titled “In Petroleum Circles.” 
As I understand it, Mr. Chairman, the other part will be 
deleted. 

CHAIRMAN ELKINS: No, I wouldn’t say it is going to be; 
it’s just one of two things under consideration at the moment. 
Instead of having two sets of personals in there you would 
have only the one. That would still leave all this information 
on Section activities, pictures of you at this Committee meet- 
ing, pictures at Local Section meetings, etc., which I think 
you are implying is a duplication of the trade journal reports. 


B. C. CRAFT: Not exactly, but in this “Petroleum Circles” 
are the same things we see in the trade journals. I see no point 
in incorporating them in our JOURNAL. 


E. H. ROBIE: When we published Mininc anp METALLURGY 
we sent out questionaires to see what people liked best, and 
the personals were shown to be one of our most popular 
features. Therefore, that part of the magazine was built up 
to eight or nine pages a month when it had previously been 
only two or three pages, just because we had such favorable 


reactions. 


W. H. STRANG: You do feel that the Local Section activity 
pages have value? 

J. H. MURRELL: That’s one of the most interesting parts of 
the magazine. 

B. C. CRAFT: I think that’s essential. 

J. H. MURRELL: I think it should be stressed more and more 
that we should have better write-ups on that portion and cut 
down, as he says, on the personals about someone moving 
from one place to another. 


S. E. BUCKLEY: That comes down to us from the New York 
office; we take it as it is. 

C. V. MILLIKAN: I am interested in these personals. In dis- 
cussing the question of publications with one of the editors 
of a leading trade journal the other day, he commented that 
their investigation of reader interest had revealed that the 
personals were ‘outstanding, that they were ahead of every 
other section of his magazine. 


Regarding the reporting, particularly of Section activities, 
which thus far has been, on the whole, the major part of your 
JourNAL, I want to caution that, as interesting as it has been, 
you are still going to have to watch the way they are edited 
and published to avoid a declining interest. It is true that 
the JoURNAL is new, and that anything that is printed in it 
is very acceptable and will be for a certain period of months. 
But whether it will still be acceptable 10 or 20 months from 
now, I don’t know. 

Certainly the activities of the Sections are of primary inter- 
est to every member of the Petroleum Branch; however, not 
only the information that they had a barbecue or that they 
had a technical meeting, but more of the substance of the 
meeting. It’s the latter that is of interest to the petroleum 
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engineer; the other is of superficial interest. 


J. H. MURRELL: Wouldn’t that come down to the point of 
the Local Section paying more attention to what is sent in? 


C. V. MIILIKAN: Yes. 
J. H. MURRELL: You want to be sure that what was talked 


about at a meeting is in the magazine. For instance, what you 
might be interested in, would be what they’re thinking in a 
Section about reef limestone. 


C. V. MILLIKAN: Yes, perhaps. 


J. H. MURRELL: You want the conclusions that were reached 
to be published in the paper. 


C. V. MILLIKAN: I have no complaint on what has been 
published. I am not being critical. I am only cautioning of 
something which I think might possibly develop or which may 
have already developed with hardly a realization. 


S. E. BUCKLEY: Is it in part that there is too great a simi- 
larity from month to month in the manner and nature of the 
presentation ? 


C. V. MILIKAN: I think that’s it. 
J. H. MURRELL: That’s the local view of reporting. 


J. B. ALFORD: I am very glad to have your comments, Mr. 
Millikan, as an editor of the JouRNAL. We are most anxious to 
determine the appropriate material for the Local Section 
pages. We had reached the conclusion that it was, just as you 
say, a summary of what the speakers say at these meetings. 
Of course, we'll cover the meetings pictorially also, but to my 
mind the true significance of the Local Section pages is the 
technical material that is published there. We have developed 
in the last six months a reporting guide which should be very 


helpful. 


S. E. BUCKLEY: I think the Journat should contain not 
only something about the text of the speech, but also the reac- 
tion of the group. 

J. H. MURRELL: Do you think it is important enough — I 
do —to review the material carefully when it comes in and 
before it’s put in the JouRNAL? 

S. E. BUCKLEY: How do you get it now? 


W. H. STRANG: Direct from the Local Section JourRNAL Sec- 
retary in most cases. 


E. N. DUNLAP: My feeling is that the importance of the 
JourNAL Secretary’s job has not been sufficiently emphasized. 
He should be not only a man who likes to write, but one who 
has the ability to write and also the time. 

T. D. MUELLER: Proofreading of technical articles, | think, 
has slipped. 

W. H. STRANG: That is true. We have been trying, however, 
to establish systems and procedures whereby all typographical 
errors will be eliminated. I feel we have made some progress 
in that direction. Your comments don’t refer so much to the 
last few issues, do they? , 


T. D. MUELLER: No. 


W. H. STRANG: Probably more to the first of the year than 
the last three or four months. At the first of the year we 
simply didn’t have time to send proof to the author for proof- 
reading, which is certainly something you must do. We are 
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confident that we can overcome our previous difficulties with 
regard to proofreading, which have been problems caused by 
acute shortage of time. 


P. ANDREWS: I feel the reporters from the Sections should 
be selected with very great care. I would like to also suggest 
that if more “meat” is added, which is desirable, and that if 
the discussion is also added, the authors of the papers and 
the people who comment on those papers be given an oppor- 
tunity to edit their remarks before they are sent to the 
JOURNAL. 


W. H. STRANG: Where a speaker is to be reported as saying 
something of general significance, the JourRNAL Secretary 
should call him up and let him verify his statements. In the 
past we haven’t checked upon some things that looked a little 
awry to us; we depended on the JourNAL Secretary. I think 
it might very well be discouraging to him to hear from us 
every time we hear from him. 


S. E. BUCKLEY: Since this is somewhat in the nature of 
spot reporting, would it be feasible in every case to have these 
matters proofread ? 


W. H. STRANG: I think not. The best that can be done is to 
have some after-meeting contact between the JouRNAL Secre- 
tary and the speaker. In many cases the speaker will be there 
tonight and gone tomorrow. 


Technical Notes 

CHAIRMAN ELKINS: Are there any other comments on the 
JOURNAL at the moment? If not, let’s proceed to the next 
point, the recent suggestion of matter including Technical 
Notes in the Transactions Volumes. 

J. H. MURRELL: I move that the Technical Notes be handled 
as they have been in the past. 

CHAIRMAN ELKINS: You mean, submission as a technical 
paper? 

J. H. MURRELL: Yes. 

J. E. SHERBORNE: It seems to me that some of these Tech- 


nical Notes are as important as the papers themselves. I don’t 
think there is a suitable compromise that can be reached on 
that. 


C. V. MILLIKAN: Certain things do not qualify as technical 
papers but are merely progress reports, not finished products. 


W. H. STRANG: We can do something intermediate between 
including Technical Notes in the Transactions and excluding 
them from the Transactions, that is to go ahead and publish 
the Notes as they come in, as we are now doing, and at the 
end of the year let the Publication Committee decide which 
of them should be included in the Transactions. After the 
Committee selection of certain Notes for inclusion we would 
make up, by offset printing, a section of 12, 16 or 32 pages 
for binding in the Transactions. 


CHAIRMAN ELKINS: Is that essentially what you intended 


by your motion? 
J. H. MURRELL: That is exactly it. 
The motion was carried. 


S. E. BUCKLEY: I vote no. I don’t think the issue is quite 
clear-cut enough to be unanimous. I think that if it is a matter 
of permanent interest, written up as a Technical Note, it 
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should be incorporated in a technical paper and not published 
as a Technical Note. A Note is usually no more than a 
progress report on an investigation which will later be incor- 
porated into a complete paper on the subject. 


J. He. MURRELL: My motion was to set a policy and let the 
Publications Committee make the decision at the end of the 
year as to how it should be handled. 


5. E. BUCKLEY: That means they will have to review all the 


notes. 


J. H. MURRELL: No, only those that somebody desires to 
have published in the Transactions. 


MORRIS MUSKAT: I don’t differ with the vote that was 
taken, but I do think it is worthwhile to mention that there 
may be more to a Technical Note than merely a reflection of 
someone’s laziness in not writing a complete paper, as has 
been suggested. It is normal practice in some of the Societies 
to devote rather extensive sections to so-called Letters to the 
Editor. In 4 recent issues of the Physical Review 120 Letters 
to the Editor were published as compared to 95 full papers, 
and in 4 concurrent issues of The Journal of Chemical Physics 
54 Letters to the Editor were published as compared to 50 
full papers. I think the Technical Notes could be considered 
as equivalent to such Letters to the Editor. Frequently the 
presentation of only one or two paragraphs in length are of 
as much value as a complete technical paper, and I think the 
Technical Note offers an opportunity to present something 
quickly for publication without having to wait six to nine 
months to incorporate it into a technical paper. It helps to 
get pertinent information out in a hurry. I do think, however, 
that it would not be a serious limitation if the Technical Notes 
were reviewed before subsequent publication in the bound 
volumes, although in the case of the Institute of Physics 
journals the Letters to the Editor are paged in sequence to 
the full papers with the implication that when bound they 
would be reprinted as originally published, and without 
previous refereeing. 


The next item on the agenda was a discussion of the pro- 
cedure used in solicitation and acceptance of papers for 
Branch meeting programs. This discussion was participated 
in by L. E. Elkins, S. E. Buckley, J. E. Sherborne, P. Andrews, 
V. H. Decker, J. H. Murrell, M. Muskat, Claude Hocott, C. V. 
Millikan and B. C. Craft and terminated in a decision to 
consider the matter further at the 1950 Annual Meeting. 


Proposed Change in By-Laws 

J. H. MURRELL: I would like to bring up a change in the 
By-Laws which I think is necessary and which can be done 
according to Article X. 

In going through the By-Laws I find no provision for a 
Treasurer or for a Secretary of our Petroleum Branch. | 
would like to propose that Article V of the By-Laws — Officers, 
which reads now: “Section 1. The officers of the Branch shall 
consist of a Chairman and two Vice-Chairmen” — have added 
to it “a Treasurer and a Secretary.” Then in Article III — 
Funds, which reads: “Section 1. The expenditure of funds 
received by the Petroleum Branch shall be authorized by the 
Executive Committee of the Petroleum Branch.” You can make 
some appropriate statement reference the Treasurer. I think 
that many Executive Committees have their Secretary as an 
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ex-officio member, and I think the Treasurer should be an ex- 
officio member also. That would not change a thing. You could 
just say in Section 2 of Article V — Officers, the following: 
“The Executive Committee shall consist of the officers.” You 
have a Secretary and a Treasurer and they will be officers of 
the Branch. 


CHAIRMAN ELKINS: May I suggest that you get together 
with the Secretary and draft your proposed changes. Then we 
will circulate the proposal to the Executive Committee and 
follow it through. 


J. H. MURRELL: I think we ought to make provisions in our 
By-Laws for a Secretary and a Treasurer, if we have them. 
so that the By-Laws will reflect exactly what we are doing. 


W. H. STRANG: The Executive Committee can propose a 
change in the By-Laws but to actually change them you have 
to take a vote of the membership. One reason why we haven’t 
brought some of the important provisions of the Operating 
Manual forward into the By-Laws is because it costs money 
to take a vote and we thought we’d wait until we had an 
accumulation sufficient to justify the expense. Maybe we have 


now. 


San Antonio - Austin Section? 

H. H. POWER: Two years ago Bill Strang, John Murrell and 
several of the rest of us met in San Antonio for the purpose 
of coming to some decision as to whether or not a Section 
should be formed here-——an <Austin-San Antonio Section. 
However, our group was small and we just let the matter go. 

We have about 20 active members in Austin, including the 
Student Associates, and in San Antonio I would guess we have 
30 or 40 members. However, most of the membership here is 
involved in the Southwest Texas Geological Society. They 
hold monthly meetings and also weekly luncheons. It would 
be difficult to get that membership, which is composed mostly 
of geologists, to separate engineering meetings, but on the 
other hand it might be possible to work through the South- 
west Texas Geological Society in some sort of an alternating 
proposal. 

I don’t want to go into a long discussion of this, but I would 
just like to drop a few seeds here right now to start some 
active thinking toward the organization of a Section here — 
possibly a Chapter. However, I would say a San Antonio- 
Austin Section. I think we need it because of the same situa- 
tion here as in West Texas —the isolation of San Antonio 
and Austin from other areas. 


Suggestions Wanted 
CHAIRMAN ELKINS: Is there anything else tu come up 


before the meeting? 


E. H. ROBIE: The Mudd Fund for years has been giving free 
volumes to all new Junior Members — sets of two to four vol- 
umes. In recent years there has been no book whatever of 
specific interest to petroleum engineers. The Mudd Fund Com. 
mittee would like to have the Branch suggest an author and 
title for a book to be published, and to be paid for by the 
Mudd Fund, for free distribution to Junior Members in the 
Petroleum Branch, which will be of specific professional in- 
terest to them. 


The meeting adjourned. ee « 
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BRANCH MEETING 
IN 
LOS ANGELES 


One of the outstanding features of 
West Coast activity in the Petroleum 
Branch is the Annual Branch Meeting 
in Los Angeles, held this year on 
October 20 and 21 at the Elks Club. 
Attendance was larger than was ex- 
pected, with a total registration of 
400 members and guests, and all com- 
ments heard indicate that the meeting 
was an outstanding success. Eight 
technical papers and two general in- 
terest papers were presented in dif- 
ferent sessions of the two days. 


Pictures at Left 


1. Paul Andrews serving as M. C. 
for the Branch Luncheon held at the 
Town House in Los Angeles on Octo- 
ber 20, first day of the meeting. 


2. Among those attending the lunch- 
eon were L to R: Frank Smith, In- 
ternational Cementers; R. B. Hodg- 
son, Tidewater; F. M. Carlisle, Robert 
Harcus and R. L. Gollum, all of In- 
ternational Cementers. 


3. Cecil Weaver, left, of M. O. John- 
ston, and H. F. Dangberg of Hancock 
Oil Co. discuss a point at the meting. 


4. T. H. Acres of Barnsdall, and S. 
V. Smith of Pacific Perforating, also 
caught in a discussion. 


5. Taking the opportunity to relax 
are L to R: Clark Edgecomb, Jr., and 
J. H. Gallois of Schlumberger; R. C. 
Hill, Eastman Oil Well Survey, and 
Bill Plasch and Kenny O’Bert, both 
of Schlumberger. 


6. Three of the Chapter members 
who participated in the excellent man- 
agement of the meeting: left, Ray 
Hancock, exhibits; center, Frank S. 
Parker, publicity, and right, John H. 
Thacher, general meeting chairman. 
In addition to these, John E. Sher- 
borne served as program chairman, 
and H. J. Stroud as arrangements 
chairman. 


7-15. The outstanding social func- 
tion for the meeting was a cocktail 
party and dinner dance in the Ren- 
dezvous Room of the Biltmore Hotel 
on October 21. Pictured here are many 
of the 224 members and guests at- 
tending, who unanimously agreed that 
it was one of the finest parties ever 
held by the Chapter. 
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San Joaquin Valley Section Activities 
Pacific Petroleum Chapter 


By C. L. Doyle 


The newly formed San Joaquin Val- 
ley Section of the Pacific Petroleum 
Chapter held its first meeting Novem- 
ber 8, at the Bakersfield Inn, Bakers- 
field, California, with 30 members and 
over 70 guests present. The San Joa- 
quin Geological Society joined in the 
meeting, with members 
present. 

Chairman Murray Putnam of the 
Standard Oil Co. of California reviewed 
the background of the formation of the 
section which occurred at an informal 
gathering in February, 1949. Selection 
of the initial panel of officers was by 
a nominating committee appointed by 
Paul Andrews, chairman of Pacific Pe- 
troleum Chapter. 


some 20 


Following the dinner, J. E. Wal- 
strom, Well Logging Consultant for the 
Standard Oil Co. of California spoke 
on “The Electric Log — Its Advantages 
and Its Limitations”. 


The talk was a general discussion of 
the electric log and the curves ob- 
tained, and is summarized as follows: 


J. E. Walstrom spoke on well log- 
ging at the initial meeting of the Sec- 
tion. After a B.S. in E.E. from New 
Hampshire University, he received an 
M.S. in Physics from Wesleyan Uni- 
versity, and did graduate work at 
C. I. T. He worked with Schlumberger 
for 10 years and then joined Standard 
Oil of California as a well logging 
consultant. 
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The Resistivity Curves 


Usually three resistivity curves of 
different electrode configuration are 
recorded. These curves would be almost 
identical except for the presence of the 
mud column (“hole effect”), the pres- 
ence of an invaded zone adjacent to the 
bore-hole (“invasion effect”), and be- 
cause of the finite thickness of sedi- 
mentary layers (“bed thickness effect”). 
Seven variables enter into these effects, 
(1) the hole diameter, (2) the mud 
resistivity, (3) the distance of invasion, 
(4) the resistance of the invaded zone, 
(5) the bed thickness, (6) the ratio of 
true resistivity of the bed in question 
and surrounding formation, and (7) 
the electrode spacing. 

When a sand contains some oil its 
resistivity is always greater than when 
it is fully wet. A convenient rule of 
thumb is that a clean oil sand with less 
than 50 per cent interstitial water will 
have a resistivity of at least twice that 
of the same sand fully wet. For sands 
with no argillaceous material the ratio 
will be more nearly four. 

The resistivity of a wet sand has 
been assumed proportional to the re- 
sistivity of the water it contains. This 
proportionality factor, called the “for- 
is determined by its 
porosity and the distribution and shape 
of the porous channels. Recent research 
has indicated this F-factor may not be 
independent of the resistivity of the 
saturating medium. If this is true the 
F-factor can no longer be looked upon 


mation factor”, 


as a constant. 


The Potential Curve 

Naturally occurring potentials in bore 
holes are a sum of (1) the potential 
across the shale, (2) the liquid bout 
dary potential between the drilling mud 
and the formation water, and (3) a 
streaming potential established by the 
pressure drop across the filter cake. 

With normal clay-base mud a good 
indication of potential opposite a par- 
ticular horizon usually indicates the 


(Continued on Page 41) 
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Members of the panel for the November 10 meeting were L to R: H. D. Aggers 


of Union Oil, Randolph R. Smith of Seaboard, and E. J. Bemiss of Standard 


Oil of California. 


Junior Group Activities 
Pacific Petroleum Chapter 


By |. A. Marshall, Jr. 


An educational panel discussion was 
the featured program for the November 
10 meeting of the Group in Downey, 
California. The panel consisted of E. G. 
Bemiss, Standard Oil Co. of California, 
H. D. Aggers, Union Oil Co., and Ran- 
dolph R. Smith, Seaboard Oil Co. The 
meeting was opened by the chairman, 
who welcomed the 95 members and 
guests, and turned the meeting over to 
the panel. 


Well Washing 


The first speaker was E. G. Bemiss 
of Standard Oil Co., who described his 
experiences with the washing of low 
gravity wells having unconsolidated 
sands and interbedded, incompetent, 
shale bodies. He pointed out that well 





es. « . 20 





washing becomes more and more im- 
portant as the production of a well 
passes the flush period and approaches 
the economic limit. The basic purposes 
of well washing are twofold: the re- 
moval of drilling fluids, filter cake, and 
cuttings from the well bore after drill- 
ing and, secondly, the removal of as- 
phalt residues, sloughing sands and 
shales and any material which accumu- 
lated after the well was put on produc- 
tion. The degree of plugging of the 
sand faces at the well bore has been 
considerably reduced by the improve- 
ment of drilling fluids, i.e., low water 
loss muds and muds with oil filtrates. 
However, all drilling fluids must neces- 
sarily form some filter cake which mate- 
rially reduces the permeability at the 
sand face. In presenting his conception 
of the plugging phenomenon in gravel 
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packed (pre-packed) liners, Bemiss de. 
scribed the condition of the hole at the 
time drilling is finished and the liner js 
being run. At this time the incompetent 
shales and unconsolidated sands are 
held in place by the mud column. How. 
ever, upon removing the mud and put. 
ting the well on production, some sand 
and shale immediately sloughs into the 
annulus between the outside of the 
liner and the well bore. Thus the annu 
lus is filled with detritus consisting of 
shales, sands, various argillaceous ma- 
terials, precipitated salts, asphalt resi- 
duals, and oil. Thus there is formed a 
mass of material which has no perme- 
ability relation to the original pay 
zones. To enter the well bore the pro- 
duced oil, gas, and water must pass 
through this material. Plugging of this 
kind has caused the production from 
one lease to decline from 8000 B/D to 
25 B/D in a matter of several years. By 
calculation of the oil in place, it is 
obvious that such a decline is not nor- 
mal. Also, in cases where this rapid de- 
cline has been experienced, new wells 
drilled on a five-spot pattern will have 
an initial production very similar to 
the original wells and will be clean 
whereas the original wells may have an 
appreciable water cut. Redrilling of 
wells which have become plugged is 
not uncommon but it is obviously a 
very expensive solution, often times 
having poor results unless the well is 
whipstocked to open up clean sand 
faces. The most practical and cheapest 
solution is to remove the plugging ma- 
terial by one of the many washing 
methods. Although comparative data is 
difficult to accumulate on the effective- 
ness of various well washes, it has been 
well determined that the best time to 
remove the plugging materials is at the 
time of completion of the well. Various 
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types of well-washing chemicals and 
methods are available but it is impera- 
tive that the operator have some knowl]- 
edge of what is causing this plugging. 
so that the proper method can be se- 
lected. In the opinion of Bemiss, the 
ideal well wash should have the fol- 
lowing characteristics: (1) a cleaning 
or detergent action, (2) low surface 
tension to reduce the possibility of 
forming water blocks, (3) it should not 
hydrate (swell) included clays or ben- 
tonites, (4) should not form emulsions 
with the well fluid, and (5) should be 
non-toxic to personnel handling it. A 
mechanical agitater is commonly used 
with the various well washing liquids 
and many types are available. Some of 
the agitating tools in common use are: 
circulation washers (commonly used 
with oil), mechanical pressure washers 
used with either oil or washing solu- 
tions, and mechanical “surges” used 
with either oil or washing solutions. 
Circulation washers are not too desir- 
able because they only give a jet action 
and necessarily maintain a high fluid 
head against the formation. Mechani- 
cal pressure washers are considered to 
be better because they give a surging 
action without maintaining a high fluid 
head. Bemiss described a relatively new 
innovation in well washing known as 
the “gas pack” which involves the rela- 
tively slow (2 to 3 second) combustion 
of a gas-forming material ‘h surges 
the chemical or oil in the well bore 
through the liner and on dissipation of 
the gas pressure the fluid surges back 
into the hole carrying the plugging ma- 
terials with it. Very little work has 
been done with this method so its re- 
sults are still in doubt. Of the well 
washing jobs in which Bemiss has been 
personally involved, 40 per cent were 
considered good, 15 per cent marginal, 
and 36 per cent doubtful. However, the 
49 per cent were so successful that they 
more than paid for the marginal and 
doubtful jobs. 

The meeting at this point was turned 
over to a representative of Long Beach 
Oil and Development Co., who showed 
photographs of the experimental, sur- 
face washing of one 20-foot and two 
10-foot sections of 65¢-in., pre-packed 
gravel liners recovered after one year 
of operation in a Ranger zone well in 
the Wilmington field. The tests con- 
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sisted of suspending the plugged sec- 
tions of liner in a derrick and washing 
through the liner with 27° oil using a 
mechanical pressure tool. It was found 
that the perforations broke down at 
450 psi and final washing was contin- 
ued at 175 psi. As far as can be deter- 
mined, this was the first formally con- 
ducted test in which an actual plugged 
liner was recovered and washed at the 
surface where the action of the washer 
and its effectiveness could be observed 
and photographed. The most significant 
fact obtained from this experiment was 
that a liner tends to break down over 
only a fraction of a circumference thus 
leaving, in some cases, a large portion 
of the area of the liner still plugged. 
Production entering the well thus has 
to travel in a circumferential direction 
to a point in the liner where it has ac- 
cess to the well bore. As pointed out by 
Bemiss, the annulus between the liner 
and the original well bore is filled with 
sand, shale and other material which 
tends to impede flow around the cir- 
cumference of the liner. 


Acidizing 


H. D. Aggers of Union Oil Co. spoke 
briefly on the different aspects of acid 
treatment with string shots and _ per- 
foration cleaning with knife-type tools. 
He pointed out that acid should only 
be used in zones where it could be ex- 
pected to have some action on the zone 
and that use of acid in non-reactive 
formations is not only costly but might 
have detrimental effects. The use of 
acid in conjunction with a string shot 
was first used in 1947 and, although 
operators differ in the method of use. 
the most common practice is to first 
bail the. hole clean and then spot the 
acid and set off the string shot. Some 
operators prefer the use of a light oil, 
such as diesel fuel, in preference to the 
acid and, of course, in the case of non- 
reactive zones, the use of light oils is 
recommended. The procedure in detail 
consists of bailing all sand or other 
material from the well then the string 
shot is run in and out of the hole to be 
sure that sufficient clearance exists. The 
tubing is then lowered to the bottom of 
the liner and 15 to 20 per cent excess 
acid is spotted in the liner, and the 
string shot is again introduced and set 
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off. The well is then put on production 
immediately. The 22,500 fps veloc- 
ity of the string shot results in the 
penetration of many of the imperme- 
able zones which would normally not 
be penetrated by high volume or a high 
pressure washing. 


The use of knife-type perforation 
cleaners is recommended for the re- 
moval of clogging material in slotted 
liners. This method is particularly ef- 
fective for removing scale, hard sands. 
or shales and it has been the practice 
in some fields to run this tool prior to 
washing to insure that the liner is open. 
Opening clogged liners with the knife 
method is also considered good insur- 
ance against liner failures because the 
velocity of the fluid entering the liner 
is kept to a minimum. 


Formation Fracturing 


To complete the discussion of well 
completion and reconditioning method-. 
Randolph Smith of Seaboard Oil Co. 
described his company’s experiences 
with formation fracturing in the Ban- 
dini Hills field. The purpose of forma- 
tion fracturing is to increase the entry 
rate to the well bore by fracturing the 
pay zone through the injection of oil 
at a high volume and pressure. The well 
selected for this testing was about 8000 
feet deep and was produced from hard, 
relatively impermeable sand and, at the 
start of the test, was flowing by heads. 
After formation fracturing had been 
completed and the injected oil recov- 
ered the well production showed a sub- 
stantial increase with no increase in 
gas-oil ratio; however, the production 
decline was unchanged. The total 
amount of additional oil recovered by 
this method was 2600 barrels. The cost 
of the operation was approximately 
$3600 and indicated a payout period of 
41 days. A second attempt was made to 
fracture this well using twice the in- 
jection rate; however, there was no in- 
dication of further fracturing. From 
the data presented, it appears that this 
form of secondary recovery has a defi- 
nite possibility of success. However, 
there has not been a sufficient number 
of wells fractured to completely evalu- 
ate the results. A more comprehensive 
review of Smith’s talk appeared in the 
November JourNAL under Pacific Pe- 
troleum Chapter Activities. «e+ 
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Delta Section Activities 


By J. Paul Ratliff, Jr. 


A panel discussion covering various 
phases of offshore lease development 
drew a record attendance of approxi- 
mately 140 members and guests to the 
November 8 meeting of the Delta Sec- 
tion. The capacity of the New Orleans 
Petroleum Club was taxed to accom- 
modate this large crowd of engineers 
interested in exploitation of the Conti- 


nental Shelf. 


H. M. Krause, Jr., assistant division 
petroleum engineer for Humble Oil and 
Refining Co. at New Orleans, was the 
very capable moderator who success- 
fully coordinated contributions of the 
following oil company representatives: 
C. P. Besse, chief construction engineer, 
The California Co., New Orleans, La.; 
B. K. Ayers, chief marine engineer, 
Stanolind Oil and Gas Co., Houston, 
Texas; D. F. Dial, Jr., construction en- 
gineer, offshore, The Pure Oil Co., 
Houston, Texas; W. E. Harpst, area 
mechanical engineer, Shell Oil Co., New 
Orleans, La.; R. B. Pierce, mechanical 
engineer, Magnolia Petroleum Co., Dal- 
las, Texas; J. C. Posgate, division pe- 
troleum engineer, Humble Oil and Re- 
fining Co., New Orleans, La.; J. H. 
Rambin, assistant division manager, The 


Texas Co., New Orleans, La.; W. C. 











if 


Pictured above are participants in a panel discussion on offshore development presented at the November 8 meeting of 
the Delta Section. L to R, standing, W. E. Harpst, Shell; C. P. Besse, The California Co.; W. C. Roome, Pure Oil; J. H. 
Rambin, The Texas Co., J. C. Posgate, Humble; R. B. Pierce, Magnolia; L to R, seated, D. F. Dial, Jr., Pure Oil; H. M. 
Krause, Jr., Humble; Thomas Seale, Kerr-McGee Oil Industries; B. K. Ayers, Stanolind. 
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Roome, assistant offshore drilling su- 
perintendent, The Pure Oil Co., ‘Mor- 
gan City, La.; Thomas Seale, offshore 
drilling superintendent, Kerr-McGee 
Oil Industries, Inc., Oklahoma City, 
Oklahoma. 


Drilling Platforms 


The panel was opened with a discus- 
sion of drilling platform types and de- 
signs by D. F. Dial, Jr. Four types of 
platforms have been used to date in 
connection with offshore drilling and 
production operations, (1) The original 
Pure - Superior - Creole platform con- 
structed in 1937 with all bracings above 
water (platforms of this type are now 
considered obsolete). (2) The Williams- 
Humble four-pile jacket type platform. 
An example of this type construction is 
the large self-contained platform off 
Grand Isle which was Humble’s first 
platform. (3) The McDermott pipe 
template type platform (e.g. as used by 
California and Superior), and (4) The 
Brown & Root truss and cable type 
platform as used by Stanolind. 

In the general discussion by Ayers, 
Besse, Dial and Posgate it was brought 
out that the cost of erecting offshore 


platforms varies greatly depending 
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upon size, type, depth of water, wea- 
ther, etc. Actual costs of platforms con- 
structed to date in the Gulf of Mexico 
have varied from approximately $125,. 
000 for small structures used with drill- 
ing tenders to approximately $1,230,000 
for the most expensive multiwell self. 
contained structure. 


Drilling Tenders 


A discussion of the types of drilling 
tenders and anchorages was led by 
W. C. Roome and J. C. Posgate. Two 
types of ex-Navy vessels have been con- 
verted for use as drilling tenders — YF 
and LST. The YF barges are all non- 
self propelled. LST’s are both propelled 
and non-propelled. Two main purposes 
are served by all of the tenders (1) 
crew quarters and (2) storage of mate- 
rial. Among other uses of the tenders 
are (1) platform construction, example, 
Pure Oil Co., (2) mud circulating and 
storage facilities, (3) auxiliary power 
plant and (4) well service facilities 
such as cementing and logging equip- 
ment. C. P. Besse pointed out that the 
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plan of action in the event of a hurri- 
cane is the determining factor in decid- 
ing whether or not a drilling tender 
should be self-propelled. Experience has 
shown the two methods to be about 
equal from an economic standpoint — 
the high cost of tugs with a non-pro- 
pelled tender offsetting the cost of main- 
taining a full crew and engines on a 
self-propelled vessel. 

Anchorages used with offshore drill- 
ing tenders are of two general types, 
with several combinations of the two in 
use by various operators. These moor- 
ing designs employ stud link anchor 
chain or wire rope cable operated by 
windlasses or winches on deck and con- 
nected to spud piles or heavy anchors. 
The first mooring design used in the 
Gulf consisted of wire rope cables ex- 
tending from winches aboard ship to 
fixed pilings driven in the ocean floor 
around the tender. This has been pro- 
gressively modified by various oper- 
ators to provide for (1) the use of 
large surge buoys in the cables between 
drilling tender and piling, (2) stud 
link anchor chain from the pilings to 
the buoys, and (3) double wire lines 
from shipboard to sheaves on the buoys. 
Although the original installation of 
wire rope mooring equipment is much 
less expensive than anchor chain and 
windlasses, the latter method is defi- 
nitely safer and provides a much more 
flexible mooring arrangement. The use 
of multiple-wildcat electric driven an- 
chor windlasses with stud link anchor 
chain attached to spud piling is ap-, 
parently the most effective mooring sys- 
tem in use at this time. It was pointed 
out, however, by J. C. Posgate that the 
great loads thrown on mooring chains 
in deep water plus the constantly recur- 
tring fatigue stresses make it advisable 
to pay very close attention to the moor- 
ing problem. 


Marine Transportation 


Thomas Seale presented many inter- 
esting facts pertaining to his company’s 
marine transportation problems. Kerr- 
McGee’s experience with 63-foot and 
85-foot wooden hull crew boats over a 
period of eighteen months has shown 
the operating costs to be practically 
identical, including depreciation, insur- 
ance, crew, fuel, etc. Other operators 
Teport operating costs in the same 
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range for crew boats, i.e. $100.00 per 
day. C. P. Besse joined Seale in prais- 
ing the LCT as a most useful vessel 
for handling offshore cargo. The LCT 
operating costs approximate $200.00 
per day. The operating costs of the 84- 
foot ex-Army ST tugs used by Kerr- 
McGee average about $350.00 per day, 
while the YF tenders run close to 
$600.00 per day. The above figures are 
approximations furnished by one oper- 
ator only. Operating costs of LST ten- 
ders would, of course, greatly exceed 
the above figures. J. C. Posgate added 
that marine transportation, comprising 
from 20 per cent to 30 per cent of the 
cost of offshore wells, averages $500.00 
to $1200.00 per rig per day. The cost 
per barrel per month of both leased and 
company owned oil barges was analyzed 
by Seale. Experience has shown this 
cost to r unas high as 30¢ per barrel per 
month not including tug or lifting 
charges. 


Drilling and Production 
Practices 

Led by R. B. Pierce the discussion 
of offshore drilling practices revealed 
very little deviation from standard drill- 
ing practices on land jobs. Setting of an 
extra string of protective casing and the 
use of sea water in drilling mud by some 
operators are the principal differences. 
Thomas Seale evoked considerable com- 
ment with a suggestion that only two or 
three wells be drilled from any one 
platform. C. P. Besse and J. C. Posgate 
disclosed that directional deviations of 
30° to 40° are being achieved in off- 
shore locations where as many as ten 
wells are drilled from one platform. 

The discussion of offshore production 
practices was directed by C. P. Besse 
who told of the 4 in. pipelines which his 
company has installed to carry crude 
oil inshore from two offshore structures. 
These lines were used instead of barges 
because the fields, which are relatively 
close to shore, show indications of pro- 
ducing large quantities of oil over a 
long period of time. Other operators 
are using production barges to trans- 
port the offshore crude to shore storage. 
In both cases oil and gas separators 
and a nominal amount of oil storage 
are provided either on the producing 
platform or on adjacent small plat- 
forms. Two factors of prime importance 
in offshore production are safety and 


JOURNAL OF PETROLEUM TECHNOLOGY 


conservation of manpower. Both will be 
served by the increased usage of auto- 
matic production controls. 


Effect of Weather 


J. C. Posgate elaborated upon the 
effect of weather on drilling and pro- 
ducing operations stressing Humble’s 
experience with line squalls and hurri- 
canes. Other than routine navigational 
hazards such as fog and rain, weather 
for the offshore operator may consist of 
northers, line squalls, or hurricanes. 
Humble Oil and Refining Co. has in 
operation a comprehensive weather 
forecasting service which supplements 
and cooperates with the U. S. Weather 
Bureau. Over a two-year period Hum- 
ble’s twice-daily forecasts of offshore 
wave heights have been 91 per cent cor- 
rect within the allowable 114 feet. Ra- 
dar is used in predicting weather con- 
ditions within a 300-mile radius as well 
as to direct vessels in inclement weath- 
er. The 3 cm radar sets used on Hum- 
ble vessels have proved very satisfac- 
tory. The necessity of accurate weather 
predictions became apparent when Pos- 
gate pointed out that from 18 to 30 
hours are required to evacuate a loca- 
tion and all personnel transfers must be 
completed before wave heights exceed 
nine feet. A general discussion of the 
advisability of raising platform levels 
higher than now used as added hurri- 
cane protection evoked comment on 
both sides of the question. 

B. K. Ayers and J. H. Rambin con- 
ducted a very interesting discussion of 
communication methods and types of 
equipment. Frequency modulated radio 
installations are used for communicat- 
ing between shore bases, vessels, and 
platforms. This type of equipment gives 
static free reception at all times. Ma- 
rine radio-telephone service is also in- 
stalled on vessels to facilitate communi- 
cation with other vessels and the Coast 
Guard. 


Research and Development 
Many of the offshore operators are 
conducting research on various phases 
of offshore drilling and production. W. 
E. Harpst described some of the prob- 
lems Shell has encountered in shallow 
(Continued on Page 41) 
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John L. P. Campbell with Lane-Wells 
Co. in Houston presented a paper en- 
titled “Interpretation of Radio Activity 
Logs in the Limestone Reservoirs of 
West Texas”, at the November 14 meet- 
ing of the Section in Odessa, which 
was attended by 139. 

Chairman Tom C. Frick announced 
that election of officers would be held 
at the next meeting, and appointed the 
following nominating committee: Berte 
Haigh, University Lands in Midland, 
chairman; R. S. Dewey, Humble Oil 
and Refining Co. in Midland; and J. C. 
Wright, Garrett Oil Tools in Odessa. 


A partial condensation follows of 
Campbell’s paper, which was also par- 
tially reviewed on the North Texas Sec- 
tion Activities page of the July JourRNAL. 


The basis of the radioactivity log is 
the fact that all rocks display some 
degree of radioactivity, and this prop- 
erty is sufficiently characteristic to af- 
ford a means of distinguishing between 
shales and sand, limestones, salt, anhy- 
drite and other materials frequently 
present in sedimentary formations. The 
log is secured by traversing the well 
with an instrument which records the 
emissions on a chart scaled to the depth 
of ‘the well. Variations in the lateral 
amplitude of the radioactivity profile 


Permian Basin Section Activities 


By Tom Flewharty 


will develop a pattern that is charac- 
eristic of the formation penetrated. 
Sands are low in radioactivity values 
and shales higher, but the record of 
these formations appear similar on ra- 
dioactivity and electrical logs. 

In the actual logging gamma ray and 
neutron curves are obtained separately. 


There is no base line to the gamma 





John L. P. Campbell, speaker for the 
Nov. 14 meeting. 


ray curve, and the darker the color of 
the formation, the higher the radioac. 
tivity. The base line of the neutron 
curve is shale. It is difficult to tell from 
this curve alone whether the formation 
is fluid or shale. and the neutron curve 
by itself is inadequate. Gamma ray 
curves by themselves are best corre- 
lated with the amplified normal curve 
on the electrical log as a substitute for 
a potential curve. 


Among the 19 applications of the log 
are bore hole measurements, locating 
cased off prospective sands and limes, 
to trace cement, plastic or mud after 
pipe is set, for casing seats, liner over- 
lap, parted pipe, and to make struc- 
tural studies through correlations lo- 
cally or regionally. Another application 
is the obtaining of stratigraphic infor- 
mation to find fluid bearing zones. 


In discussing improvements in equip- 
ment and technology, Campbell said 
that the greatest advance in interpreta- 
tion is based upon a workable evalua- 
tion of the radioactivity log, particu- 
larly in limestone, to determine derived 
porosity per unit foot of thickness. This 
evaluation is similar to core analysis 
and may be used on wells without a 
core record for completion or re-com- 


pletion. x * 





A part of the group attending the November 14 meeting of the Permian Basin Chapter. 
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Gulf Coast Section Activities 


By J. E. Kastrop 


One hundred and thirty-three mem- 
bers and guests filled the Houston 
YMCA 


Section’s November 15 meeting. Owen 


Auditorium to attend the 


Thornton, chairman, prezided, and the 
business meeting opened with a report 
from R. L. Whiting. program chair- 
man of the All-Texas Sections Meet- 
ing. The 1949 meet will be held at 
College Station December 8 and 9. and 
the general theme will be completion 
practices and associated problems. 
Eleven technical papers will be pre- 
sented and will include such subjects 
as logging, coring, mud control, acidiz- 
ing, jet perforating, and cementing. 
Highlighting the program will be the 
annual student paper contest sponsored 
by the Gulf Coast Section. This year’s 
meeting will see three schools compet- 
ing for top honors: The University of 
Texas, A&M College of Texas and 
Texas Technological College. 

The report on the Section-sponsored 
discussion group on reservoir engineer- 
ing stated that Norman Clark of Hum- 
ble had been made program chairman. 
The group will make detailed studies 
into such problems as sampling. sub- 
surface fluids and laboratory technique. 

The 1950 Section chairman, Section 
delegate, two vice chairmen, a secre- 
tary-treasurer and two directors were 
elected at a meeting on December 13. 
Members of the nominating committee 
appointed by Chairman Thornton are: 
Chairman, George L. Nye. City National 
Bank; G. D. Robertson, Shell Oil Co.: 
Robert L. Hoss. Humble Oil and Ref. 
Co.; Herman Otto, Tennessee Gas 
Transmission Co.; and Asbury S. Parks. 
Consultant. Announcement of the new 
officers will be made in the January 
JOURNAL. 

The Gulf Coast Section delegate, 
along with the delegates from the Penn- 
sylvania Anthracite Section and the 
Boston Section, will act as a nominating 
committee in the selection of a chair- 


man. a vice chairman. and a secretary 
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J. Ben Carsey, chief geologist, Hum- 
ble Oil and Refining Co., spoke on 
“Geology of the Gulf Coastal Area 
and the Continental Shelf’, at the Gulf 
Coast Section meeting on November 
13. 


for the delegates council plus members 
for the executive committee. 

The largest single contributing fac- 
tor to this most successful meeting was 
the principal speaker and the subject 
on which he has made extensive investi- 
gations. J. Ben Carsey. chief geologist, 
Humble Oil and Refining Co., is an 
“oil-finding” geologist, said Stuart 
Buckley of the same company as he 
introduced the speaker. Carsey has been 
associated with Humble since his grad- 
uation from The University of Texas 
in 1925. He was the company’s first di- 
vision geologist when Humble organ- 
ized its West Texas Division in 1927. as 
well as the first division geologist when 
the company opened its Louisiana Di- 
vision in 1941. In 1948, Carsey organ- 
ized Humble’s exploration campaign 
when the company became active in 
California. He was made chief geologist 
in November of 1948. 

Introducing his subject. “Geology of 
the Gulf Coastal Area and the Conti- 
nental Shelf”, Carsey stated that it was 
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necessary to look at the geology of the 
area and at the many salt domes which 
are found there to evaluate the impor- 
tance of the continental shelf and the 
Gulf Coast area of Louisiana and Texas. 
The coastal plain bordering the Gulf 
varies in width up to 100 miles and 
slopes gently at about five feet per 
mile until it reaches the coastal swamps 
and finaly the open sea. The speaker 
employed about 20 beautifully colored 
slides to illustrate this most interesting 
subject. 

In a_ cross-section of the coastal 
plains, he showed that sedimentary de- 
posits exist down to 40,000 feet on the 
shelf. The lowermost Tertiary beds are 
estimated to be 30,000 feet in depth. 
The principal structure along the Gulf 
Coast with which oil is associated is 
the salt domes. Extreme pressures ex- 
isting at depths of the salt beds are 
sufficient to make the salt flow upward 
and form these domes. He showed an 
aerial photograph of Avery Island, an 
example of a salt plug that had reached 
the surface. It was on this island (which 
is surrounded by marsh) that rock salt 
was first found on the North American 
continent. The salt mass at Avery Island 
compares favorably in height at least 
but possibly not in width, with the 
great mountains on earth. From 190 to 
200 known piercement type salt domes 
have been found in the Gulf Coastal 
area. 

In discussing the continental shelf, 
the speaker defined this term as being 
that area extending outward to a depth 
of roughly 70 fathoms where the ocean 
floor slope steepens rapidly. The con- 
tinental shelf of the U. S. involves 
approximately 277,500 square miles, 
that of the Gulf Coast alone con- 
sisting of 132,000 square miles. It was 
shown by a map of the Alaska shelf 
that the area involved on the continental 
shelf there was about 287,000 square 
miles. 


(Continued on Page 38) 
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Election of 1950 officers was one of 


the main features at the November 16 
meeting in Corpus Christi which was 
attended by 150 persons. R. C. Gran- 
berry, division petroleum engineer for 
Humble Oil & Refining Co. in Corpus 
Christi was elected chairman, D. A. 
Davidson, Jr., district superintendent of 
Pan American Production Co. in Ly- 
ford was named vice chairman and Lee 
J. Thronsen, district engineer for Sun 
Oil Co. in Corpus Christi was elected 
secretary-treasurer. 

Directors elected from Corpus Christi 
were Charles H. Snelson, district pro- 
duction superintendent for Seaboard 
Oil Co.; Houston Parish, owner of En- 
gineering Service Co.; E. C. Sargent, 
manager of exploration and production, 
Holly Development Co., and Harry 
Vaughn, sales engineer with Lane-Wells 
Co. Directors named outside of Corpus 
Christi: Frank H. Dotterwich, head of 
the petroleum engineering department, 
Texas A. & I. College in Kingsville; 
J. B. Jones, division sales manager of 
Halliburton Oil Well Cementing Co. in 
San. Antonio; Austin Shook, district 
petroleum engineer with The Texas Co. 
in Alice, and George Wilson, district 
engineer with Magnolia Petroleum Co. 
in Alice. 

Performance of the Lower Pawelek 
Reservoir, Falls City Field, Karnes 
County, Texas, was presented by John 
W. Crutchfield, Crutchfield & Pruett, 
and Emil Bowers, Southern Minerals 
Corp. The paper, which covered the 
initial results of a pressure maintenance 
by water return project in the reservoir, 
is summarized as follows: 


The reservoir is an elliptical, low re- 
lief structure with sand thickness rang- 
ing from 25 to 40 feet, with producing 
formations as high as 5,663 feet subsea, 
and the original water table was estab- 
lished by drill stem test at 5.716 feet 


os ee 


Southwest Texas Section Activities 






By Raymond Keller, Jr. 


subsea. Subsurface geology showed a 
major east-west fault and closure on 
the south, or downthrow side. and the 
discovery well was completed at 4,640 
feet in the Lower Bartosch Sand _ in 
December, 1944. 

In the two years following discovery, 
12 oil reservoirs were discovered with 
pays between 4,600 and 6,050 feet in 
the Middle and Lower Wilcox forma- 
tions. So far, 64 wells have been drilled, 
61 by Southern Minerals Corp., major 
acreage holders, two by Gulfshore Oil 
Co., and the other by Magnolia Pe- 
troleum Co. 

Southern Minerals made the deepest 
test recently in a 10,235-ft. hole, which 
penetrated the Edwards and a portion 
of the Glen Rose. No commercial oil or 
gas production was indicated below the 


Lower Wilcox. 





R. C. Granberry, division petroleum 
engineer for Humble Oil and Refining 
Co. in Corpus Christi, was elected 
chairman of the Southwest Texas Sec- 
tion on November 16. 
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Reservoir pressure was 2.538 psi in 
the original well in November. 1945. It 
was believed that the pressure would 
stabilize at a high level, even as late as 
March, 1947, although no reservoir cal- 
culations had been made by that date. 
It appeared that the water influx was 
approaching reservoir withdrawals in 
magnitude, since any large differential 
would result in a major pressure de- 
cline because of the extremely low com- 
pressibility of the undersaturated reser- 
voir oil. It was decided later that the 
limited natural water drive would not 
support the desired rate of oil produc- 
tion. Pressure had declined to 2,281, 
down 344 psi, by March, 1948, and five 
wells were on artificial lift and the ma- 
jority of the remaining wells were show- 
ing lowered tubing pressure. Coupled 
with this problem was the fact that 
surface evaporation was no longer ade- 
quate for disposing of the increasing 
volume of salt water. 

The first water was injected on March 
3, 1948. Initial injection was at the rate 
of 500 B/D, and this was later increased 
to 1,800 barrels. Injection well surface 
pressure was from 400 to 600 pounds. 
After injection of 100,000 barrels, on 
July 1, reservoir pressure had increased 
to 2,345 pounds, while approximately 
213,000 barrels of reservoir fluids had 
been withdrawn. 

With a net withdrawal rate of ap- 
proximately 500 B/D, pressure has in- 
creased to around 2,400 psi, and has 
been maintained in that vicinity. It was 
2,380 psi when last measured in July, 
1949. Because of the limited amount of 
water which can be used in the pro- 
gram, additional salt water disposal 
wells in other sands may be necessary. 
In later stages of the reservoir, addi- 
tional injection wells will be required 
to provide the necessary injection ca- 
pacity and proper distribution of the 


injected water. x wk * 
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East Texas Section Activities 


By Peter E. Des Jardins 


Joint Meeting 


The semi-annual joint meeting of the 
Section and the Shreveport Geological 
Society was held at Monsour’s Restau- 
rant in Shreveport on the evening of 
October 25. Following dinner, H. F. 
Dunlap addressed the assembled group 
on the very timely topic of atomic 
energy. Dunlap, who is now associated 
with the Research and Development 
Department of the Atlantic Refining 
Co., was associated with Carnegie Insti- 
tute in the field of military physics dur- 
ing the war. After presenting a brief 
history of the development of the pres- 
ent knowledge of nuclear physics, and 
a review of the fundamental principles 
of nuclear energy, Dunlap discussed 
possible future uses of atomic energy. 
He felt that in addition to the atomic 
bomb, nuclear energy could be used to 
generate steam for use in turbines. This 
use would be particularly adaptable to 
certain military craft, such as subma- 
rines, and in peace time, could provide 
a source of power for areas where trans- 
portation would make use of other fuels 
too costly. He expressed the opinion 
that atomic energy would have no eco- 
nomic advantage over other fuels as a 
source of power, in areas where other 
fuels were available in sufficient quan- 
tities. He stated that in terms of their 
ability to sustain the nation’s power 
supply, the present known reserves of 
atomic fuel in this country are approxi- 
mately equal to the oil reserves. A lively 
discussion of Dunlap’s talk demon- 
strated the clarity of his presentation 
and the general interest in this topic. 


Monthly Meeting 


The November meeting of the East 
Texas Section was held at the Kilgore 
Hotel on November 8. At the meeting. 
Chairman Jack M. Shepherd announced 
that the election of officers would be 
held at the December meeting, and ap- 
pointed a Nominating Committee con- 
sisting of W. M. Jones, Chairman, R. M. 
Hess and John S. Bell. Jones requested 
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that all members submit their sugges- 
tions for candidates for the various of- 
fices to the Nominating Committee. 


The evening was highlighted by an 
address on “Pressure Mainienance of 
Wesson-Hogg Sand Reservoir by Water 
Injection”, presented by Sterling Lacy. 
petroleum engineer with the McAlaster 
Fuel Oil Co. Lacy stated that this res- 
ervoir, discovered in January, 1946, by 
the McAlester Fuel Oil Co., was a long 
relatively narrow sand bar terminated 
upstructure by a fault and downstruc- 
ture by a water level. Available infor- 
mation indicates an average porosity of 
32 per cent, an average permeability of 
2772 md, and an average thickness of 
24.16 net feet of sand. Since initial gas- 
oil ratios were only 100:1, no free gas 
cap was present. The production of 
689,816 barrels of oil caused a drop in 
reservoir pressure of 645 psi from an 
initial pressure of 1299 psi, indicating 
that no effective water drive existed, 
and that some form of pressure mainte- 
nance would be desirable. 


(Continued on Page 42) 
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Sterling Lacy, petroleum engineer 
with the McAlester Fuel Oil Co., spoke 
before the November 8 meeting of the 
East Texas Section. His topic was 
“Pressure Maintenance of Wesson-Hogg 
Sand Reservoir by Water Injection.” 





The above picture, taken at the meeting on November 8, shows a group of 
regular attendants at East Texas Section meetings. L to R, R. K. Theis, chair- 
man of the entertainment committee, Schlumberger Well Surveying Corp., Tyler; 
H. K. McArthur, Halliburton Oil Well Cementing Co., Kilgore; R. M. Hess, 
director of East Texas Section, Shell Oil Co., Kilgore; Ron Johns, oil editor of 
the Tyler Morning Telegraph and Courier-Times. 
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Interest in the AIME, leading to an 
expansion of AIME activity, advanced 
greatly on November 21 with a meeting 
in Lubbock to organize a Sub Section 
for the South Plains area of Texas. 
Robert R. Shaffer, engineering trainee 
with Stanolind Oil & Gas Co. in Level- 
land, and one of the leaders in the 
organizational activity, presided at the 
meeting. 

Shaffer explained the functions of the 
AIME, and of the Petroleum Branch, 
to the group, and recommended that a 
Sub Section be formed at this time 
rather than a full Local Section. This 
was unanimously approved by vote. 
Sample bylaws were then read and dis- 
cussed in order for interested persons 
to understand the rules governing a 
Sub Section, and to assist a committee 
in writing a set of bylaws for the new 
organization. It was recommended from 
the floor that consideration be given in 
June, 1950, to reorganization as a full 
Local Section. 

Tom C. Frick, chairman of the Per- 
mian Basin Section, appointed the fol- 


Lubbock Sub Section Activities 
Permian Basin Section 


By Robert R. Shaffer 


lowing committee to nominate officers 
and to draft bylaws for the Sub Sec- 
tion: Paul S. Johnston, Texas Tech, 
Lubbock; E. B. Armstrong, Honolulu 
Oil Corp., Lubbock, and Robert R. 
Shaffer. This committee will render its 
report at a meeting to be held in De- 
cember. At that time an election of offi- 
cers will be held and a charter will be 
presented to the group. 

In addition to the organization busi- 
ness, the group heard a paper by R. M. 
Leibrock, district reservoir engineer 
with Stanolind in Lubbock, entitled 
Factors to Be Considered in Deter- 
mining the Feasibility of Gas Injection. 
A summary of the paper, which was 
confined to a consideration of depletion 
type reservoirs, follows: 

It has been a commonly accepted 
practice for several years to analyze the 
available performance data for a reser- 
voir, and on the basis of such an analy- 
sis, to predict the future performance 
characteristics by the material balance 
method. The extension of this method, 


the performance of a depletion type 
reservoir under a dispersed gas injec- 
tion program has been less generally 
accepted through the industry. Contro- 
versy for the most part has centered 
around the use of the so-called “con- 
formance or sweep-efficiency factor” 
which is introduced into the material 
balance equation as a means of taking 
into account the fact that less than 100 
per cent of the total reservoir will be 
swept by the injected gas. Performance 
data were presented for a San Andres 
Lime gas injection project which has 
been in operation for three and one- 
half years. These data, particularly the 
gas-oil ratio behavior, indicate that a 
large percentage of the reservoir is 
being swept by injection gas. On the 
basis of observed performance charac- 
teristics in this particular field, it was 
concluded that extension of the material 
balance methods, with proper modifica- 
tion by a reasonable sweep efficiency 
factor is justified in predicting the per- 
formance of a dispersed gas injection 
program in a depletion type reservoir. 

x * 


Kansas Section Activities 


Nearly 70 Kansas engineers turned 

out October 5 at the regular monthly 
meeting to hear George C. Howard of 
the Stanolind Oil and Gas Co., Tulsa, 
Oklahoma, present his paper on “The 
Hydrafrac Process.” An open discus- 
sion followed the formal presentation 
with S. S. S. Westbrook of the Halli- 
burton Oil Well Cementing Co. report- 
ing on results of commercial applica- 
tions of the process. 
Lewis E. Young, president of AIME, 
visited the Section and the University 
of Wichita on November 9. During the 
late afternoon Young spoke for a few 
moments to the Student Associates, then 
took time to meet and talk with each 
one individually. 

The same evening Young met with 
the Section at their regular monthly 
meeting and spoke on a subject of deep 
concern, the nationalization of industry. 
The response of his audience and the 


SECTION] ... 36 


By V. J. Mercier 


newspaper stories that followed dem- 
onstrated that his message struck home. 

Following Young's talk was a tech- 
nical paper delivered by W. O. Keller 
of the Stanolind Oil and Gas Co., Tulsa, 
Oklahoma, entitled Critical Analysis of 
the Effect of Well Density on Recovery 
Efficiency. Local engineers gave Keller 
an active open-forum session at the 
conclusion of his formal presentation. 

Candidates for officers and directors 
of the Section for the year 1950 were 
announced by the chairman as follows: 

Chairman: W. F. Brown, Dowell, 
"uc.; D. H. Sholtus, Great Lakes Car- 
von Co. 

Vice-Chairman, Wichita: H. C. Davis, 
Vickers Petroleum Co.; P. T. Amstutz, 
Jr., Amstutz & Yates, Inc. 

Vice-Chairman, Western Kansas: W. 
R. Warren, Stanolind Oil and Gas Co.: 
J. C. Gallivan, Wood River Ref. Co. 
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Vice-Chairman, Eastern Kansas: 
Fred Kluck. Ohio Oil Co.; Wendell 
Haugh, Great Southern Oil Co. 

Secretary - Treasurer: Louis Chom- 
bert, Schlumberger; Don Hellar, Sohio 
Petroleum Co. 

Director, Wichita: Lamont E. Smith, 
Franco-Central Oil Co.; Lester Wilkon- 
son, Sunflower National Gas Co. 

Director, Western Kansas: Clayton 
Nygaard, Sohio Petroleum Co.; Herb 
Roberson, Dowell, Inc. 

Director, Eastern Kansas: Carl Tem- 
ple, Sohio Petroleum Co.; L. W. Hol- 
sapple, Sinclair Oil Co. 

At a meeting of the Executive Com- 
mittee of the Section, the retiring chair- 
man, V. J. Mercier, was unanimously 
elected to the office of Section Delegate 
for the new Council of Section Dele- 
gates. Mercier will serve the Kansas 
Section in this capacity for two years 
Beginning January 1,1950. * * * 
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Mid Continent Section Activities 


By Glenn M. Stearns 


The last regular monthly meeting of 
the Mid-Continent Section was held in 
Lorton Hall at Tulsa University on 
November 14, 1949. William D. Owsley, 
technical adviser of Halliburton On 
Well Cementing Co., Duncan, Okla- 
homa, was the featured speaker. Ows- 
ley’s talk was based on a list of 45 
questions concerning the practical as- 
pects of oil well cementing. These ques- 
tions had been previously submitted by 
various petroleum engineers who are 
members of the Mid-Continent Section. 
Various questions relating to cementing 
equipment, cementing technique, special 
admixtures and various other phases 
of casing cementing operations were 
asked. 

After the prepared questions were 
answered the meeting was opened to 
discussion from the floor. It was evi- 
dent from the amount and nature of 
questions and comments, that all of the 
approximately 150 engineers present 
enjoyed the meeting and obtained prac- 
tical information for use in connection 
with the cementing of casing under 
various well conditions. Meeting ar- 
rangements were under the direction of 
Roy H. Smith, vice president in charge 
of programs. In the absence of Herbert 


M. Cooley, section chairman, James N. 


McGirl presided. 


Study Group Activities 

The Mid-Continent Study Groups, 
organized in February, 1947. predict 
another successful round of meetings 
for the coming year. J. J. Arps, 
chairman, and A. W. Walker. Jr.. 
co-chairman, of the Study Group activ- 
ities report that the results of this year’s 
opening meetings of the two Study 
Groups have exceeded all expectations 
with respect to both attendance and in- 
terest. Continued success is assured with 
C. M. Copeland and L. A. Ogden, chair- 
man and co-chairman, respectively, as 
officers of the Production and Drilling 
Study Group and C. H. Keplinger and 
Kenneth R. Teis, chairman and co- 
chairman, respectively, as officers of 
the Reservoir Study Group. 


On October 18, Robert G. Hamilton, 
consulting engineer of Tulsa, opened 
the Production Study Group meeting 
with an excellent talk on the subject. 
“Problems of Electric Log Interpreta- 
tion in the Mid-Continent Area.” Both 
local members and guests contributed 
to the success of the meeting with an 
interesting and intensive discussion of 





the subject. The Production Group is 
anticipating an interesting meeting on 
November 22 when Douglas Johnson, 
Johnson-Fagg Engineering Co. of Tulsa, 
will present a discussion of “Dynamom- 
eter Charts and Well Weighing.” 

E. K. Schluntz, Shell Oil Co., Tulsa, 
opened the first meeting of the Reser- 
voir Study Group with the subject “Re- 
sults of Repressuring in the K.M.A. 
Field in North Texas.” His well-organ- 
ized presentation of the current and his- 
torical operations, together with a re- 
view of reservoir characteristics and be- 
havior of the various units of the K.M.A. 
Field resulted in a very informative dis- 
cussion of both the K.M.A. Field and 
general reservoir engineering problems. 
The Reservoir Group is looking forward 
to their next meeting when John R. Mc- 
Kay, British-American Oil Co., Ltd., of 
Calgary, will present a discussion on 
“Oil Fields of Western Canada.” 

All Study Group meetings are held 
in the Engineering Building on the 
University of Tulsa campus at 7:30 
p-m., and the Mid-Continent Section 
Study Groups extend a cordial invita- 
tion to all who are interested to attend 
their meetings and participate in the 
x *&* * 


discussions. 


Oklahoma City Section Activities 


Sixty members were in attendance at 
the November 10 meeting of the Sec- 
tion. Following a brief business meet- 
ing, Lincoln Elkins, section chairman, 
introduced the principal speaker, Mil- 
ton Williams, Humble Oil and Refining 
Co., of Houston, Texas. 

With the exception of a four-year 
period in the United States Navy, Wil- 
liams has been in the Production Re- 
search Division of Humble since 1935. 
His paper, Estimation of [Interstitial 
Water from the Electric Log was of 
special interest to all members, since a 
comparison was made between the wat- 
er saturation determined from the 
analysis of actual cores and the inter- 
stitial water calculated from the re- 
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By Harold Sells 


sistivity curve for this same formation. 

Details of the experimental data and 
calculations were given by slide pro- 
jection. Williams’ conclusion, in which 
he advanced the viewpoint that when- 
ever the laboratory determined water 
saturations and the resistivity calcula- 
tions of water saturation are in close 
agreement this may be due to a set of 
compensating errors only, evoked con- 
siderable comment and projected an 
interesting discussion. In answering a 
question regarding the details of the 
core analyses, Williams stated that de- 
terminations of water saturation from 
cores were made by several methods 
and results compared and correlated. 
One determination was made on loca- 
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tion, and a second, or more, made in 
the laboratory. Special care was taken 
to make certain that a minimum amount 
of evaporation occurred before the 
analysis was made. Immediately upon 
being removed from the core barrel, 
the core sample was placed in a sealed 
can and analyzed within an average of 
15 to 30 minutes afterward. Core sam- 
ples were cut from the centers of the 
cores to minimize contamination. 

This paper was previously presented 
at the San Antonio Branch Meeting in 
October and is available in the pre- 
prints of that meeting. An abstract of 
the paper was published in the Sep- 
tember JOURNAL. a 
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North Texas Section Activities 


By Kenneth F. Anderson 


October 17 Meeting 

The October meeting of the North 
Texas Section was held at the Black- 
stone Hotel in Fort Worth, and attended 
by about 60 members and guests. M. M. 
Kinley, of the Kinley Co., Houston, 
Texas, who has gained world-wide fame 
fighting wild oil and gas wells, showed 
a series of motion picture films, and 
gave a very interesting discussion of 
some of his most thrilling experiences 
in bringing blowouts under control. A 
summary of this program was printed 
in the March issue of the JouRNAL un- 
der Southwest Texas Section Activities. 


November 15 Meeting 

In the absence of the Section chair- 
man, Don Harlan, Jack Crichton, vice- 
chairman, from Dallas, presided at the 
November meeting which was held at 
the Melrose Hotel in Dallas. Approxi- 
mately 75 members and guests were 
present to hear an excellent discussion 
by William Owsley, technical adviser 
for the Halliburton Oil Well Cementing 
Co., Duncan, Okla., concerning the ap- 
plication of “Hydrafrac” and the re- 
sults which have been obtained in the 
field application of this process. 

After a short discussion of Sectional 
affairs, it was announced that the Nomi- 
nating Committee to select candidates 
for 1950 officers of the North Texas 
Section has been approved by the Exec- 
utive Committee, and will consist of: 
Charles B. Carpenter, Dallas, chairman, 
Gordon Fisher, Fort Worth, and Bruce 
Davidson, Wichita Falls. The election 
for the 1950 officers will be made on 
January 5 in Dallas at which time 
Lewis E. Young, president of the AIME, 
will be the principal speaker. 

Program Chairman William E. Stiles 
introduced Owsley, and a summary of 
his talk is as follows: 

It has long been realized that a means 
for increasing the productivity of oil- 
bearing reservoirs was highly desirable. 
As a result of research done by Stano- 
lind Oil and Gas Co., a procedure which 
has come to be known as “hydrafrac”, 
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was developed that will accomplish this 
in many instances. 

The hydrafrac process generates new 
and increased permeability in the bore 
of a well by hydraulically splitting the 
formation being treated. Briefly, this is 
done by injecting into a well crude oil. 
or some refined product such as kero- 
sene, which has been rendered highly 
viscous by the addition of chemicals. 
This viscous material is pumped into 
the formation at a sufficiently high rate 
to create pressure in excess of that 
caused by the overburden. The gel usu- 
ally has sand mixed with it that is car- 
ried into the fracture to act as a prop- 
ping agent. Next, the viscous material 
is caused to revert to approximately its 
original viscosity by bringing it into 
contact with a breaker fluid, which is 
an oil containing chemicals that react 
on the gel. The well is allowed to re- 
main closed untii the gel is completely 
broken down. This usually requires 
about 24 hours, and then the well may 
be placed back on production without 
the necessity of cleaning out the bore. 


Owsley said that confirmed produc- 
tion reports have been obtained on 91 
wells subjected to this process as of 
November 1, 1949, and that from this 
number, 58 have shown increases in 
production. The process has been used 
most widely in Oklahoma, North and 
Central Texas, and the Rocky Moun- 
tain region where the formations are 
usually dense and hard. Any area, how- 
ever, is usually adaptable to the appli- 
cation of hydrafrac, if the original per- 
meability is low, but good bottom-hole 
pressure exists, and oil remains in 


place. 


Owsley added that hydrafrac is not 


‘to be considered as a “cure all” and 


that it certainly cannot produce oil from 
a formation in which producible oil is 
not present; however, whenever condi- 
tions are evaluated properly before un- 
dertaking such treatment, it is possible 
to say with considerable 


whether or not production can be in- 
x *k * 


accuracy 


creased by its application. 
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Mississippi Sub 
Section Activities 
By Sam J. Poythress, Jr. 


The first combined business and so- 
cial meeting of the Sub-Section was 
held December 3 at the Brookhaven, 
Mississippi, Country Club. 

The feature of the evening was 
dancing from 8 ’til 12 to the music of 
Dick Wright and his orchestra, so that 
members and their wives, etc., would 
have an opportunity to get better ac- 
quainted. At intermission a buffet of 
turkey and all the trimmings was 
served. 

Jack Johnson. Sun Oil Co.. Brook- 
haven, was program chairman. 

The meeting was opened with a short 
business session, the important item of 
business being the election of Sub- 
Section officers for 1950. This election 
will be reported in a later issue of the 


JOURNAL. xk kk 


Gulf Coast Section 
(Continued from Page 33) 


The shelf in the Gulf Coast is 50 
miles wide at the Rio Grande; 140 
miles wide off Southwest Louisiana, 
and 50 miles off Mobile, Alabama. Dis- 
cussing the origin of the shelf, Carsey 
said that much study has been devoted 
to this subject, but no completely satis- 
factory explanation of this occurrence 
can be given. He felt that possibly an 
answer could be found by borrowing 
from several authors. If the waters had 
been lowered roughly 70 fathoms rather 
than 300 feet during the Pleistocene ice 
age, this would help account for the 
world-wide continental shelf. The 70- 
fathom depth would correspond with 
Fisk’s and Shepard’s findings, Carsey 
reported. 

The speaker revealed that 164 topo- 
graphic features are to be found on 
the continental shelf. A concentration 
of these features is to be found near 
the 70-fathom depth. He discussed the 
political boundaries claimed by the 
coastal states. Remarking about the sig- 
nificance of the shelf, Carsey said, “Ex- 
perience has already shown that there 
is considerable question as to whether 
or not production in the open waters 
will prove profitable. Certainly, only the 
best of the structures may prove of 


value.” xk 
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STUDENT ACTIVITIES, OKLAHOMA UNIVERSITY 


By Bob True and J. W. Tucker 


Petroleum Engineers Club 


Kenneth B. Barnes, engineering edi- 
tor of The Oil and Gas Journal, was 
guest speaker for the November 3 meet- 
ing, with a paper on the oil business 
in South America. He discussed in de- 
tail the methods of drilling, production, 
and transportation in these countries 
and used slides to fully explain the oil 
reservoirs and their structures in the 
important fields. 


Lloyd E. Elkins, director of produc- 
tion research for Sianolind Oil & Gas 
Co., and chairman of the Petroleum 
Branch, spoke to the club November 22 
on the value of a petroleum engineer- 
ing education. Elkins stated that the 
petroleum graduate of the present time 
faces more barriers of competition than 
the graduate of ten years ago faced, 
caused by the increasing number of 
petroleum engineers. He explained the 
value of a college education to an indi- 
vidual in the improvement of knowl- 
edge, in the ability to reason and 
express himself, and in personality de- 
velopment. He warned the students to 
not confine themselves to one profes- 
sional phase alone, and to pay close 
attention to the practice of wholesome 


human relations. 


Pi Epsilon Tau 


The growth of this honorary petro- 
leum engineering fraternity is advancing 
rapidly with three chapters now operat- 
ing and others planned. The original 
Alpha chapter was established on the 
Oklahoma University campus in Novem- 
ber, 1947, the Beta chapter at Tulsa 
University in the spring of 1949, and 
the Gamma chapter at Texas Tech in 
November, 1949. Chapters are now 
being organized at Louisiana State Uni- 
versity, the University of Southern Cali- 
fornia and the University of California. 

Officers of the Alpha chapter for the 
fall semester of this year are Spencer 
L. Taylor, president; Henry G. Mc- 
Kaskle and James W. Tucker, vice pres- 
idents; John Sanders and Earl G. 
Thurman, secretaries, and Ernest J. 
Dickinson, St. Pat’s Council representa- 
tive. 

J. H. Field, chief mechanical engi- 
neer for Sohio Petroleum Co. in Okla- 
homa City, spoke at the October meet- 
ing, at which 49 new members were 
initiated, on the subject, “Engineers as 
Salesmen.” 

Henry L. Waszkowski, division pe- 
troleum engineer for Magnolia Pe- 
troleum Co. in Oklahoma City, and vice- 


PETROLEUM ENGINEERING CLUB, TEXAS A. & M. 


By Paul D. McElroy 


J. E. Brantly, president of Drilling 
and Exploration Co., spoke to the club 
at the November meeting on oil oper- 
ations in foreign countries, dealing prin- 
cipally with South America, Canada, 
Europe and Asia. He pointed out that 
practically all of the oil fields in the 
world have been developed by Ameri- 
cans, and added that drilling a well 
overseas is much different from drilling 
here in the United States. Overseas a 
driller may be called upon to run his 
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own cement. maintain his own roads, 
haul his own equipment and secure 


transportation for the oil he produces. 


In speaking about the petroleum en- 
gineer in foreign service, Brantly cau- 
tioned that overseas work is the only 
type of service in which some can be 
satisfied, while for others it is not at 
all agreeable. The ratio of those who 


like it to those who don’t is about 50-50. 
xk *k * 
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Kenneth B. Barnes speaking to the 
P. E. Club on November 3. A P. E. 
graduate of O. U., he has spent sev- 
eral years in teaching, in petroleum 
engineering, and has been with The 
Oil & Gas Journal for the past four 
years. 


chairman of the Oklahoma City Local 
Section of AIME, was guest speaker 
for the November 16 meeting. He pre- 
sented a paper entitled “Petroleum Con- 
servation and Conservation Laws” writ- 
ten by D. V. Carter, chief petroleum 


engineer of Magnolia. x wk 


THE UNIVERSITY OF 
TEXAS STUDENT 
ASSOCIATE CHAPTER 


By William F. Nicodemus 


Ernest O. Thompson, a member of 
the Texas Railroad Commission, spoke 
to the Chapter November 14 on the 
necessity of clear, technical testimony 
in administrative processes. Thompson 
stated that the petroleum engineer 
should be concerned with five basic 
points in the presentation of testimony 
before administrative bodies. He said 
the engineer should (1) testify only on 
subjects he is personally informed 
about; (2) keep his engineering testi- 
mony on a professional basis; (3) use 
charts and graphs to help convey in- 
formation; (4) make presentation in 
simple terms; (5) give only testimony 
that pertains to the points in question. 

~* * 
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Professional Services 


This space available only to AIME members. Rates upon request. 





AMSTUTZ AND YATES, INC. 


Consulting Petroleum Engineers 
Valuations 
Reservoir Analyses 
Geologic Investigations 
406 KFH BLDG., WICHITA 2, KANSAS 








CARLTON BEAL 


Consulting Petroleum Engineer 
11699 BELLAGIO ROAD 
LOS ANGELES 24, CALIFORNIA 
Phone: ARizona 74294 








FRANK N. BOSCO 
PETROLEUM ENGINEERING 
Exploration — Evaluation — Operation 
838 Symes Building By Appointment Only 
PHONE: TABOR 7361 DENVER, COLO. 








JOHN G. CAMPBELL, CHEMIST 
Field Charcoal & Podbielniak Analyses 
Waters — Oil Field Brines — Cores 
422 N. Lower Broadway, Corpus Christi, Texas 








PAUL CHARRIN 


ler 4 





ATLAS WELL SERVICE CORPORATION 
UNIVERSAL EXPLORATION COMPANY 
913 Union National Bank Building 
HOUSTON 2, TEXAS 
Phone: Preston 0060 








EARLOUGHER ENGINEERING 


Petroleum Consultants - Core Analyses 
Specializing in Secondary Recovery 
investigations - Appraisals - Operations 
311-319 East Fourth Street 
TULSA 3, OKLAHOMA 
Office 2-5129 


Laboratory 2-6139 








FARIS & WARREN 


Consulting Petroleum Engineers 


McClintic Building 
MIDLAND, TEXAS 


Production & Reservoir Engineering 
Evaluations 


Development 








HERSHAL C. FERGUSON 
Consulting Geologist and Paleontologist 
Esperson Building 
HOUSTON, TEXAS 
8252 Gravier Street 





H. L. KIRKPATRICK 
CONSULTING PETROLEUM ENGINEER 
Property Management - Well Completions 
Proration - Reports - Appraisals 
445 Delaware Avenue 


SHREVEPORT, LA. PHONE 7-8295 


Pe 


COMM 











W. T. MENDELL 
Engineering & Geological Consultant 
Second National Houston, Texas 
Bank Building CApital 7612 








CHARLES GILL MORGAN 


Geologist 
805 Mercantile Securities Building 
DALLAS, TEXAS PHONE CENTRAL 7963 
Specializing in Structural Geology and 
Problems Related to the Exploration for 
Petroleum. Confidential Reports. 








New Orleans, La. 





CLEVELAND O. MOSS 
CONSULTING PETROLEUM ENGINEER 
Estimates of Oil and Gas Reserves 
Valuation—Production Problems—Proration 


208 MIDCO BLDG. TULSA 3, OKLA. 








FITTING, FITTING & JONES 


Engineering & Geological Consultants 





ERNEST K. PARKS 
CONSULTING PETROLEUM ENGINEER 
Planning, Direction and Examination of 
Oilfield Operations, Estimates of Oil and 
Gas Reserves, Oil Property Valuation 
614 S. HOPE STREET, LOS ANGELES, CALIF. 
Telephone: VanDyke 4659 

















CRUTCHFIELD AND PRUETT 
CONSULTING PETROLEUM ENGINEERS 
224 Wilson Building 
CORPUS CHRISTI, TEXAS 


John W. Crutchfield Horton T. Pruett 








DENTON-SPENCER 
COMPANY, LTD. 
CONSULTING PETROLEUM ENGINEERS 


Lancaster Bidg. Calgary, Alberta 





Petroleum Natural Gas 
Box 1299 
ALEXANDER M. CROWELL rs 
Natural Gas Consultant PERMIAN BLDG. MIDLAND, TEXAS 
So. Arkansas — LOUISIANA — Coastal Texas 
NEW ORLEANS SHREVEPORT 
1415 Carondelet Bldg. 3746 Richmond Ave. 
Phone: Raymond 3861 Phone: 8-1419 
WILLIAM HURST 


Petroleum Consultant 


Recovery, Gas Cycling, Evaluations 
6445 BROMPTON ROAD 
Madison 1181 
HOUSTON, TEXAS 


HARRY H. POWER 


Consulting Petroleum and Chemical Engineer 
Production, Reservoir, Valuation and 
Development Engineering 
P. O. Box 1542 — University Station 
AUSTIN, TEXAS 





Reservoir Engineering - Primary & Secondary 





A. L. SELIG 


Consulting Petroleum Geologist 
GULF BUILDING HOUSTON, TEXAS 











MICHEL T. HALBOUTY 


CONSULTING GEOLOGIST 
AND PETROLEUM ENGINEER 
Shell Building 


Houston 2, Texas Phone P-6376 


S. FRED SHAW 


Gas Lift Specialist 


301 Terrell Road, Phone: T-9754 
SAN ANTONIO, TEXAS 














ALEXANDER DEUSSEN 


Consulting Geologist and 
Petroleum Engineer 
Room 413, Commerce Bldg. Addition 
HOUSTON 2, TEXAS 








NORRIS JOHNSTON 
N. van WINGEN 
PETROLEUM TECHNOLOGISTS, INC. 
Production Research — Core Analysis 
Reservoir Engineering 
868 TRUCKWAY, MONTEBELLO, CALIFORNIA 
PHONE: UNION 1-5338 





WM. H. SPICE, JR. 


Consulting Geologist 
2101-03 Alamo National Building 


SAN ANTONIO 5, TEXAS 











JOSEPH B. UMPLEBY 
Geologist and Engineer 
Office Consultation Only 

5945 LUTHER LANE 
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HARRY C. SPOOR, JR. 


Consulting Geologist 


Petroleum .. . . . . Natural Gas 


COMMERCE BLDG. HOUSTON, TEXAS 








HAROLD VANCE 


CONSULTING PETROLEUM ENGINEER 
Pet. Engr. Dept. A & M College 


College Station, Texas 








BASIL B. ZAVOICO 


Petroleum Geologist and Engineer 


220 E. 42nd St. 
New York 17, N. Y. 
MUrray Hill 7-7591 


City National Bank Bidg. 
Houston, Texas 
Charter 4-6923 














San Joaquin Valley Section 


(Continued from Page 27) 


presence of permeability. In some in- 
stance, the potential curve may be used 
to locate the oil-water interface in a 
thick sand. 


The Microlog 

The microlog is an electrode system 
of very short spacing. The electrodes 
are set in an insulating rubber pad and 
pressed to the wall of the hole by 
springs. 

This system eliminates “Hole Effect” 
and “Bed Thickness Effect” but the 
“Invasion Effect” is still present. 

The possible uses of the microlog are 
in determining the presence of very 
thin strata, in obtaining very accurate 
sand counts and in locating permeable 
strata. The determination of permeable 
zones has already been a success in 


some areas. 


Induction Logging 

Induction logging is a system de- 
signed to overcome the difficulties of 
logging with wall scratching electrodes, 
used in oil and oil-base muds. 

Electric currents are induced in the 
formation by an induction coil and the 
magnetic flux generated by this cur- 
rent is detected by a pick-up coil. The 
galvanometer defections are propor- 
tional to conductivity and not to re- 
sistivity. The device thus reads in a 
reciprocal fashion to the usual resistiv- 
ity logging device. 

Some difficulty has been encountered 
in obtaining electronic stability and no 
curve comparable to the usual potential 
curve is obtained. 


Advantages of the Electric Log 

1. The electric log is a continuous 
picture of the entire open hole. There 
is no lost recovery. 
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2. The electric logging service is rel- 
atively inexpensive compared to other 
formation evaluation methods. 


3. The electric logging of an inter- 
val consumes considerably less rig time 
than coring the same interval, and there- 
fore costs much less. 


4. The electric log has a wide variety 
of uses, such as obtaining a sand count, 
locating water, estimating the relative 
fluid content, determining optimum 
points at which to set casing, correlat- 
ing with other logs, determining the 
thickening and thinning of various 
strata, locating sidetracked fish, and in 
checking the casing shoe depth. The 
electric log is also used in reservoir 
studies to estimate the magnitude of 
reserves. 


Disadvantages of the Electric Log 


1. Resistivity is not only a function 
of oil saturation. A “kick” on the elec- 
tric log may indicate the presence of 
oil or gas, non-porous formation, fresh 
water sand, or a seriously invaded 
interval. 


2. The information obtained by the 
electric log is not concurrently obtained 
with the progress of the drill bit. The 
information obtained by coring or by 
mud logging on the other hand, is al- 
most concurrently obtained with the 
progress of the drill bit, which allows 
testing in an opportune manner and at 
an opportune time. 


Discussion 

In the discussion period following the 
talk, a question was asked regarding 
the reliability of the electric log in 
determining the presence of oil, water, 
or gas. Walstrom stated that the ques- 
tion could only be answered by dividing 
it into two parts. For development wells 
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in salt-water bearing formations the 
accuracy should be 75 per cent. In 
fresh-water formations it would be more 
nearly 50 per cent. 


For exploratory wells the use of the 
electric log alone results in very low 
accuracy. In this type well the log 
should be supplemented in every pos- 
sible way. (i.e., cores, ditch samples, 
rate of penetration data, formation 
test, etc.). x k * 


Delta Section 
(Continued from Page 31) 

water drilling offshore. He indicated 
that a great deal of research and de- 
velopment must yet be done before the 
ideal solutions to these problems are 
found. J. W. Winfrey, senior engineer 
in charge of offshore research for Hum- 
ble Oil and Refining Co. in Houston 
stated that his department is now work- 
ing on the following research problems: 
(1) analysis of wave forces—horizontal 
and vertical; (2) portable drilling plat- 
form; (3) personnel transfer at off- 
shore locations and (4) moorings. * * 


Hallowe’en Dance 

The first annual Delta Section Hallo- 
we’en Dance was held on the night of 
October 28, at Metairie Country Club. 
E. N. VanDuzee, Shell Oil Co., was in 
charge of arrangements and much fa- 
vorable comment was heard from the 
large crowd. 

Intermission entertainment was pro- 
vided by Delta Section personnel led by 
J. W. Watson, Schlumberger Co., as 
Dr. Zotz, a vendor of a top-notch patent 
medicine. Watson was ably assisted by 
a large “quartet” composed of R. S. 
Sullins, Humble Oil and Ref. Co., J. R. 
Gregson, Rey Supply Co., R. B. Kelly, 
S. W. Richardson, Duane Schmeckle, 
Howard Shatto, Shell Oil Co., William 
Shelton, Humble Oil and Refining Co., 
and Harry Loehr, Baroid Co. * *® *® 
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East Texas Section 
(Continued from Page 35) 

Operators began meeting in August, 
1947, to discuss unitization for pressure 
maintenance. James A. Lewis, an inde- 
pendent petroleum engineer was hired 
to make a study of the reservois and 
determine whether gas or water would 
be the most efficient and economical 
flooding medium. Lewis reported that a 
recovery of 378 barrels per acre ioot 
could be expected from natural deple- 
tion, gas injection would increase recov- 
ery to 800 barrels per acre foot, while 
water injection should recover 1000 bar- 
rels per acre foot. 

On July 1, 1948, unit operation be- 
came effective with 100 per cent of the 
owners of working interests and ap- 
proximately 77 per cent of the royalty 
owners having signed the unitization 
and pressure maintenance agreement 
and the royalty pooling agreement. 

The Nacatoch horizon which occurs 
in this area at approximately 1500 feet 
provided an adequate source of salt 
water for the flooding medium. Water 
injection began in September, 1948, and 
by August, 1949, 7736 barrels of water 
per day were being injected. Oil pro- 
duction during August averaged 4857 
barrels per day were being injected. 
Oil production during August averaged 
4857 barrels per day. Water injection 
in excess of reservoir withdrawals will 
be maintained to increase the bottom 
hole pressure to 1500 psi, and return 
the producing wells to natural flow. 


Lacy stated that after reservoir pres- 
sure had declined below 700 psi, an 
increase in gas-oil ratios was observed 
in the highest structural wells and it 
was thought that gas was breaking out 
of solution from the oil. Analysis of a 
bottom hole sample revealed that the 
saturation pressure for the crude was 
364 psi. The reservoir pressure has 
never declined to that point. It was dis- 
covered that the James lime was thrown 
opposite the Hogg sand by the fault on 
the upstructure end of the reservoir. 
The James lime had been tested in 
wells near the fault and found to con- 
tain a high pressure gas. It is now as- 
sumed that extraneous gas was entering 
the reservoir through the fault plane. 
Additional migration of gas into the 
Hogg sand reservoir has been blocked 
by injection of salt water into wells 
near the fault plane. Entrance of ex- 
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traneous gas into the reservoir served 
to retard the rapid decline in bottom 
hole pressure, but it is felt to be harm- 
ful to the reservoir in the light of water 
flooding. The gas has now created a 
partial gas cap in certain areas and is 
retarding the fast buildup in bottom 
hole pressure expected from water in- 
jection. The major harm expected from 
the gas is water channeling due to the 
difference in relative permeabilities of 
oil and gas to water. 


Water injection halted the bottom 
hole pressure decline in January, 1949, 
after it had reached a low of 412 psi. 
As of September 30, 1949, injection of 
2,374,943 barrels of salt water had in- 
creased the arithmetical average bottom 


hole pressure a total of 65 psi. 


Lacy pointed out that individual wells 
have definitely displayed beneficial ef. 
fects of water injection, with increases 
in oil production of as much as 92.4 
per cent. 


Considerable discussion followed 
Lacy’s address, with particular empha- 
sis being placed on the legal aspects of 
unitization in the State of Arkansas, 
Chairman Jack Shepherd expressed the 
appreciation of the Section for Lacy’s 
very thorough presentation of the prob- 
lems involved in a waterflood project, 
and expressed the Section’s interest in 
an additional address when flooding of 
the Hogg sand is more nearly com. 
pleted. x *& 


Employment Notices 


The JouRNAL will post notices of men 
and jobs available. Companies and 
AIME members are invited to use this 
space, for which there is no charge. 
Except as noted below, address replies 
to: Code (appropriate number), Jour- 
NAL OF PETROLEUM TECHNOLOGY, 601 
Continental Building, Dallas 1. Show 
return address on envelope. These re- 
plies will be forwarded unopened, and 
no fees are involved. 

Replies to the positions coded Y-2524 
and Y-2415C below should be addressed 
to: Engineering Societies Personnel 
Service, 8 West 40th Street, New York 
18, N. Y. The ESPS, on whose behalf 
these notices are published here, col- 
lects a fee from applicants actually 
placed. 


PERSONNEL 
@ Graduate geologist, 25, married, 
wants position anywhere in or out of 


the United States, salary open. Code 
112. 


@ Petroleum-mechanical engineer and 
executive. Graduated University of Ok- 
lahoma, 1929, B. Sc. in P. E. Have 16 
years production and drilling experi- 
ence with major company, including 4 
years specification supervision on all 
types of drilling and production equip- 
ment. Also 4 years engineering adminis- 
trative experience as executive in oil 
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tool manufacturing company. Regis- 
tered professional engineer. Married, 
two children. Desire drilling and/or 
production supervisory post for inde- 
pendent company or engineering exec- 
utive position with service or equip- 
ment company. Code 113. 

@ Geologist, with three years’ experi- 
ence in stratigraphy and micropaleon- 
tology, B.A. degree and one year of 
graduate study, available January 1. 
Code 114. 

@ Petroleum engineer, B.Sc. in 1940, 
age 30, single. Nine years’ experience 
in petroleum - production engineering, 
principally conservation and proration 
practices; industrial engineering; and 
mineral economics, preparation and 
editing of mineral-industry and_re- 


sources surveys. Code 115. 


POSITIONS 

@ Stratigrapher. Must have a Ph.D. 
and be chiefly interested in Paleozoic 
stratigraphy and paleontology and cap- 
able of teaching sedimentation. Salary 
up to $4,500 for nine months depending 
on experience. Location, Missouri. 
Y-2524. 

@ Assistant or associate professor with 
industrial experience in petroleum pro- 
duction engineering, to teach petroleum 
production courses. Salary open, de- 
pending on _ qualifications. Location, 


South. Y-2415C. 
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ECPD Holds Annual Meeting 


Engineers’ Council for Professional Development 
held its annual meeting this year in Chicago, with 
a record attendance of about 150, not including e 
sprinkling of ladies. The Council is a joint body of 
the four Founder Engineering Societies (AIME, 
ASME, ASCE, AIEE) and the American Institute 
of Chemical Engineers, the American Society for 
Engineering Education, the National Council of 
State Boards of Engineering Examiners, and the 
Engineering Institute of Canada. Headquarters 
were at the Edgewater Beach Hotel, and sessions 
were held on Friday afternoon, Oct. 28, and Satur- 
day morning, with adjournment following shortly 
after the luncheon on Saturday. Chairman Parker 
made his annual report at the dinner on Friday, 
followed by a talk by Robert E. Wilson on “The 
Attitude of Management Toward Research.” Fri- 
day morning was devoted to an executive session 
of the Council at which accrediting was discussed. 

Inspection and accrediting of engineering cur- 
ricula continues the most notable achievement of 
ECPD. During the past year, delegatory commit- 
tees visited 74 colleges and universities, with 64 
inspections of new curricula and 250 reinspections 
of curricula previously accredited. Only 39 schools 
remain to be inspected in the immediate postwar 
program, according to the report of H. T. Heald, 
chairman of the Committee on Engineering Schools. 
Newly accredited engineering curricula in the field 
of the AIME were: University of Alabama, metal- 
lurgical; Colorado School of Mines, petroleum (pro- 
duction and refining); Illinois Institute of Tech- 
nology, metallurgical; University of Kansas, petro- 
leum; University of Pennsylvania, metallurgical; 
Princeton University, geological; Rutgers Univer- 
sity, ceramic; A&M College of Texas, geological. 

Further additions have also been made to the 
accreditation of curricula of the “technical insti- 
tute” type, curricula in seventeen such institutions 
now having been approved. 

Ole Singstad, chairman of the Committee on Pro- 
fessional Recognition, reported that the qualifica- 
tions for proposed uniform grades of membership 
in engineering societies had been formulated. 
These were accepted by ECPD at the meeting and 
are being submitted to the various socicties with 
the hope of acceptance. Three grades of member- 
ship are recommended: Member, Associate Member, 
and Student Member; with the two optional grades 
of Fellow and Affiliate, if desired. 

The Committee on Student Selection and Guid- 
ance and the Committee on Professional Training 
reported studies under way. The Committee on 
Principles of Engineering Ethics, represented by 
Wm. F. Ryan, vice-chairman, reported that the 
“Canons of Ethics” had been adopted during the 
year by the Engineering Institute of Canada, and 
that 56 societies, with a combined unduplicated 
membership of well over 100,000 engineers, had now 
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adopted the Canons, with endorsement by fifteen 
others. Of the leading societies, he repor*ed that 
only AIME had taken no action, but this was reme- 
died at the AIME Board meeting on Nov. 16, when 
AIME also approved the Canons. It is planned to 
publish them in the forthcoming Directory. 
During the year ending Sept. 30, 1949, ECPD had 
an income of $37,722 of which $20,650 came from 
school inspection fees, $12,287 in the form of grants 
from sponsoring organizations, and $4,676 from 
publication sales. Expenses were $36,535, of which 
the activities of the Committee on Engineering 
Schools (the accrediting agency) spent $18,608, 
and the Committee on Information (for reports 
and reprints) $1,796. Cost of other publications 
was $8,051, and salaries, rent, and office expense 
totaled $7,846. An office, under the direction of 
Miss Elsie Murray, is maintained on the 14th floor 
of the Engineering Societies Building in New York. 
Officers for the coming year, elected at the an- 
nual meeting, are: Chairman, H. S. Rogers, presi- 
dent of the Polytechnic Institute of Brooklyn; Vice- 
Chairman, L. F. Grant, associate professor, Queens 
University, Kingston, Ont.; Secretary, C. E. Davies, 
secretary, ASME; and Assistant Secretary, W. N. 
Carey, secretary, ASCE. The Executive Committee 
‘consists of the foregoing, plus V. T. Boughton, 
C. E. Lawall, J. W. Parker, E. W. Davis, L. F. 
Grant, C. G. Kirkbride, H. T. Heald, and C. S. 


Crouse. 





AIME Annual Business Meeting 
Notice is hereby given that the Annual Business 
Meeting of the AIME will be held at the Hotel 
Statler, New York City, at 4:00 p.m., Monday, Feb- 
ruary 13, 1950, instead of on the third Tuesday in 
February, as provided in the bylaws. 

An executive session of the incoming Board of 
Directors will be held immediately following the 
Annual Business Meeting. 


AIME Dues Payable January 1 

Pursuant to Article II, Section 2, of the Bylaws of 
the AIME, notice is hereby given that dues for the 
vear 1950 are due on January 1 as follows: 


DF bi ai dv bitad nei dard eee a $20.00 


Mamaeinte WECTARCTS noc. c osc 6.626: sipnaens Aims 20.00 
Junior Members for the first six years of 
Junior Membership ....... 00.3082. 12.00 
Junior Members, thereafter .............. 17.09 
Student Associates, including an annual 
subscription to a journal ............ 4.50 
Student Associates, without journal sub- 
IN 6.6¥ 500 5-0be du rayne aver 2.00 


Bills for dues were sent during October and Novem- 
ber to members of the Metals and Petroleum 
Branches, and will be sent in December to mem- 
bers of the Mining Branch. Payment upon receipt 
of bill will be appreciated and will assure a prompt 
receipt of the journals upon publication in 1950. 
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gens high in the number and variety of technical 
papers, a greater number of technical sessions, 
and bigger and better things in the field of enter- 
tainment—all are forecast for the big AIME An- 
nual Meeting, to be held February 12-16 in New 
York’s Hotel Statler. Each of the ten Divisions of 
the Institute is planning one or more sessions, and 
six or eight concurrent sessions are likely to be the 
rule. 

Local Section activities will receive particular 
attention when the Institute gathers, and Delegates 
will have ample opportunity to discuss Section 
functions with the Board of Directors. A Council 
of Section Delegates will gather on Saturday morn- 
ing, Feb. 11, for an all-day session. The following 
day, Sunday, Section Delegates will meet with the 
Board of Directors in the morning, with discus- 
sions continuing through the afternoon if neces- 
sary. The educators will hold their customary ses- 
sions on Sunday afternoon and evening. All of 
these pre-Meeting conclaves are designed to avoid 
conflict with the technical sessions. 

General Dwight D. Eisenhower, president of Co- 








New York's gleaming, skyscraping 
Rockefeller Center, city within a 
city housing everything from golf 
schools to consulates. Meeting 
delegates will find everything here 
to interest and amuse them when 
they're not busy attending techni- 
cal sessions in February. 
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lumbia University, will be the featured speaker at 
a “Welcoming Luncheon” which will officially open 


the Meeting on Monday. The man who led our 


fighting forces to ultimate victory, and who now 
heads one of the world’s largest educational insti- 
tutions, will doubtless have an important message 
for the AIME Members who are helping to engi- 
neer the peace. 

The Annual Business Meeting of the Institute 
will also be held the first day of the week-long 
gathering. Every AIME Member is cordially in- 
vited to that meeting. The incoming Board of Di- 
rectors will meet in executive session that evening, 
while the rest of those attending will start to par- 
take of New York’s fabulous entertainment facili- 
ties. Cocktail parties, a dinner-smoker, and radio 
and theatre parties will be arranged in advance by 
diligent members of the Entertainment Committee. 
Visits to the Metropolitan Museum of Art and to 
United Nations headquarters have been arranged 
for the ladies’ afternoon pleasure. 

Many noteworthy sessions are being planned to 
attract Members’ attention at the Hotel Statler. 


ca 
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Record-breaking array of ses- 
sions, papers, forecast for the big 
February meeting in New York. 
Bring your problems to numerous 


symposiums and seminars. Eisen- 
tot tok 


Special attention to Local Sec- 
tion activities planned. Bermuda 
cruise an added feature for post- 
meeting relaxation. 


The Minerals Beneficiation Division will sponsor a 
symposium on mill management during the week, 
and it is hoped that mill operators will bring their 
knotty problems and hard-won solutions to be 
aired for the benefit of all concerned. The Institute 
of Metals Division will have a particularly active 
program, beginning its meetings on Sunday, Feb. 
12, and continuing with sessions during Monday, 
Tuesday, Wednesday and Thursday. The Extrac- 
tive Metallurgy Division has scheduled seven ses- 
sions for the week, among which will be a sym- 
posium on fume and dust collection. The usual 
Student Forum will be held by the Mineral Industry 
Education Division, and is tentatively scheduled 
for Monday morning. One of the high lights of the 
Petroleum Branch program will be a seminar on 
economics, production technology, and personnel 
problems. 

Social Events. On Tuesday, following the opening 
of technical sessions, social life will also begin in 
earnest, leading off with a luncheon and fashion 
show for the women in attendance. That evening 
is earmarked for an informal dance, but some mem- 
bers may wish to take advantage of the surprising 
number of tickets which have been secured for the 
hit show “South Pacific.”” The gala social event of 
the week will, of course, be the Annual Banquet, 
scheduled for Wednesday night. Mining companies 
will be more than usually liberal in supplying favors 
at the social functions this year. The M. A. Hanna 
Co. will provide the souvenirs at the Welcoming 
Luncheon, the American Zinc, Lead and Smelting 
Co. at the Smoker, and the American Smelting and 
Refining Co. at the Annual Banquet. 

Petroleum men, the married ones that is, will 
not go unescorted to their Annual Dinner this year. 
In an unusual move, the committee in charge has 
elected to invite the ladies to this function. 

Cruise to Bermuda. A nautical return to prewar 
meeting pleasures will be offered this year in the 
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General Dwight D. Eisenhower, president of Columbia 
University, who will address the Welcoming Luncheon. 


form of a post-meeting cruise to Bermuda. The six 
day trip will include 214 days on the island and 
3144 days on the luxurious “Queen of Bermuda.” 
The all-inclusive cost will be about $180, or more 
if more elaborate shipboard accommodations are 
desired. Members and their families will thus have 
an opportunity to take and enjoy with congenial 
friends in the profession what is perhaps the most 
attractive short winter cruise out of New York. 
Leon V. Arnold, 36 Washington Square West, New 
York 11, N. Y., will gladly provide further infor- 
mation to those interested. Write before Dec. 31. 

A meeting announcement, with a blank for reser- 
vations for the social events, will be mailed early 
in January. Members can assure themselves of 
tickets for the events of their choice with a mini- 
mum of inconvenience by returning the reservation 
cards with checks. Tickets will then be mailed up 
to Feb. 1, thereafter they will be held at the regis- 
tration desk. 

More details will appear in the January issues 
of the journals. Suffice it to say here that this will 
be the opportunity of the year to meet old friends 
in the profession and make new ones, to hear of 
the latest in technical progress in the mineral in- 
dustry field, and what is perhaps most important, 
to meet informally, in just one trip, dozens of the 
people you would otherwise have to travel all over 
the country to see. In private conversation you can 
get the low-down on many points that never appear 
in print. Many boast that they have come to many 
Annual Meetings but have never attended a Tech- 
nical Session—too much to learn outside the door! 
And outside of the hotel, New York has several 
legitimate theatres, a few movie palaces, a sports 
arena, an occasional night club, and on Fifth Ave- 
nue and Broadway some good stores. So give your- 
self a winter vacation and bring along your sweet- 
heart or wife because this will be your last chance 
until 1952. 
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AIME Medalists for 1950 


Walter Hull Aldridge, 
president of the Texas 
Gulf Sulphur Co., was 
the guest of honor at a 
gala dinner at the Uni- 
versity Club, New York 
City, on Nov. 16 on 
which occasion he was 
given the John Fritz 
Medal for 1950. The 
medal is customarily 
rotated annually _be- 
tween the AIME, ASME, 
ASCE, and AIEE, and 
is given for notable 
scientific or industrial 


Walter H. Aldridge 


achievement. Mr. Aldridge was cited “as engineer of 


mines and statesman of industry who, by his rare tech- 
nical and administrative skills, has importantly aug- 
mented the mineral production of our country and 
Canada, and who, by giving unselfishly of his wisdom 
and vision, has guided his professional colieagues to 
higher achievements.” 

L. E. Young, President of the AIME, presided at the 
dinner, and introduced Louis S. Cates, chairman of the 
John Fritz Medal Board, who told of the history and 
purpose of the medal. John R. Suman, substituting for 
Cornelius F. Kelley, who had suddenly been called to 
Montana because of the death of James R. Hobbins, 
told in his own inimitable way of the career and achieve- 
ments of the medalist. Harvey S. Mudd presented the 
medal and certificate, which was gracefully accepted 
by Mr. Aldridge. In his acceptance speech he was most 
optimistic of the possibility of finding new ore bodies 
to supply the mineral wants of the United States, and 
of devising improved techniques for discovery and 
treatment. He said in part: “I believe that exploitable 
deposits in the world are far larger than many students 
of the subject seem to think. Mining engineers, with the 
indispensable help of physicists and engineers in other 
branches of the profession, will find these deposits and 
deliver the products to industrial users in such quanti- 
ties as may be required. To doubt this is to under- 
estimate the ability of the members of the great en- 
gineering profession.” 

Dr. Young closed the evening by reading numerous 
telegrams and letters that had been received, and called 
upon several of Dr. Aldridge’s friends for informal re- 
marks. Those responding included Norman B. Holter, 
John M. Lovejoy, E. De Golyer, Henry Krumb, Herbert 
E. Treichler, Herbert G. Moulton, Charles A. Wight, 
J. T. Kilbreth, H. O. C. Ingraham, and H. L. Smith. 
Erle Daveler handled the arrangements for the party. 

A total of 77 had sent in their acceptances and every 
one was there. Besides those already mentioned, AIME 
members present included: E. G. Bailey, W. E. Wrather, 
D. H. McLaughlin, H. E. Dodge, A. J. McNab, H. K. 
Masters, A. L. Walker, Jr., F. E. Wormser, A. G. Wolf, 
R. F. Bacon, Clyde Williams, F. A. Ayer,'S. H. Dolbear, 
E. C. Meagher, J. K. McCabe, M. L. McCormack, W. T. 
Lundy, J. H. R. Arms, H. DeWitt Smith, D. B. Gillies, 
L. E. Elkins, A. B. Kinzel, P. D. Merica, Bradley 
Stoughton, Wilber Judson, O. B. J. Fraser, J. F. Thomp- 
son, E. R. Weidlein, C. V. Millikan, H. R. Wemple, M. B. 
Gentry, Philip Kraft, J. C. Kinnear, R. H. Sales, T. B 
Counselman, S. J. Swainson, and E. H. Robie. Also in 
attendance were friends of the Guest of Honor from 
among many in professions other than engineering. 
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Charles F. Rand Mem- 
orial Medal to F. H 
Brownell, ‘For sound 
leadership in the admin- 
istration of nonferrous 
mining and metallurgica 
enterprises and for out- 
standing contributions 
to society in financia 
and legal matters relai- 
ing to the nonferrou: 
metal industry.” 

James Douglas Metal- 
lurgical Medal to Francis 
C. Frary, ‘For distin- 
guished achievement in 
science and contribution to society by broadening the 
field of knowledge in ail phases of the aluminum in- 
dustry, and for his notable success in directing a vast 
research project in this 
industry.” 

William L. Saunders 
Mining Medal to Howard 
N. Eavenson, “For the 
leadership he has con- 
tributed to the mining 
profession, and particu- 
larly for his engineering 
skill in design, construc- 
tion and installation o* 
productive facilities for 
the coal mining industry 
coupled with his inspira 
tional aid to other re- 
search and his thorough 
and expressed knowledge of the economic problems 
of the coal industry.” 





F. H. Brownell 







Francis C. Frary 


Wrather, for his untir- 
ing leadership in guiding 
and developing the sci- 
ence of petroleum geol- 
ogy, for reducing this 
science to effective appli- 
cation in practice, and 
for the inspiration he 
has given to others in 
the profession by 
dedication to public ser- 
vice.” 

Other medalists and 
award winners, with 
their pictures and cita- 
tions, will be included in 
a later issue of the journals, probably in the Janu- 
ary 1950 number; Erskine 
Ramsay Coal Medal to Paul 
Weir; R H. Richards 
Award to A. F. Taggart; 
Rossiter W. Raymond Me- 
morial Award to Walter R. 
Hibbard; Robert W. Hunt 
Silver Medal to John S. 
Marsh; Metals Division An- 
nual Award to M. Cohen 
and W. J. Harris, Jr. 





H. N. Eavenson 





William E. Wrather 
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Information and Advice to Members of the AIME Nominating Committee 
Resolution Adopted by the Board of Directors on April 17, 1936 and Amended on May 21, 1947 and Nov. 16, 1949. 


Recognizing the fact that the problems of the com- 
mittee named by the Board to prepare the “official 
ticket” for officers and Directors of the Institute are 
various and difficult; and desiring to assist this com- 
mittee by setting forth some of the principles that 
should guide the committee and some of the qualifica- 
tions that should be required of candidates, the fol- 
lowing suggestions are formulated and the Secretary 
is directed to publish them in the monthly journals 
concurrently with the publication of the names of each 
newly appointed Nominating Committee and to send 
a copy to each member of the Committee. 


Nominations to Be Made. Each year nine Directors 
are nominated. One of these nine Directors serves as 
President for one year, then two years as Past Presi- 
dent, and two serve as Vice-Presidents for their entire 
term of three years. It is the duty of the Nominating 
Committee to nominate eight Directors including those 
who are to serve as President and Vice-Presidents. The 
ninth Director is nominated by the Board of Directors. 

In the event that a nominee for President or Vice- 
F'resident is already a Director, whose term will not 
have expired when he takes his new office, it will be 
the duty of the Board in accordance with Article VI, 
Section 3 of the Bylaws to elect a successor to fill his 
unexpired term as Director. The Nominating Com- 
mittee need therefore give no consideration to this 
question in case their nominee for one of these offices 
is already a Director. A Director may be nominated to 
succeed himself. 


Geographical Distribution. The Bylaws provide that 
“the Nominating Committee shall, so far as practicable, 
distribute the representation on the Board geographi- 
cally.” To assist the Nominating Committee in carry- 
ing out this provision of the Bylaws and to encourage, 
so far as will not conflict with other necessary con- 
siderations, a consistent basis for such distribution from 
year to year, the United States, Canada, and Mexico 
have been divided into fifteen districts, as shown on 
the official map. (See page 66, 1948 Directory.) On 
the basis of number of members, Districts 1, 5, 6, 11, 
12, 13, 14, and 15 would be entitled to one Directorship 
each; District 2, three Directorships; District 3, eight 
Directorships; 4 and 10, two Directorships each; and 
Districts 7, 8, and 9, two Directorships between them. 
This leaves two Directorships at large. 

Attention is called to the fact that many Institute 
members now resident in New York formerly lived 
in the West, South, or North and still have intimate 
business connections that compel them to visit various 
parts of the country periodically. Suitable choice of 
such candidates may assist the Committee in attaining 
a well-balanced geographical distribution. Such men 
are particularly valuable as Directors and their nomi- 
nation and election tends to minimize the objection 
that a large number of Directors reside in New York. 


Consultation with Local Sections. In order that the 
members residing in a District may be given an oppor- 
tunity to express preference as to their representa- 
tive or representatives, the Nominating Committee 
should invite the Local Sections in each District to 
suggest candidates for the consideration of the Commit- 
tee. While the Committee may not always find it 
practical to nominate a person so proposed, such en- 
aorsement should be given primary consideration by 
the Nominating Committee. 
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Distribution as to Major Interest. In addition to geo- 
graphical distribution of Directorships it is highly 
desirable that the Board should include representatives 
of all the various phases of Institute activity. Each 
of the technical Divisions is entitled to representation 
by one or two Directors whose major interest is in its 
field, and so far as practicable and consistent with 
other considerations, such representation should be 
proportional numerically to the membership in these 
Divisions. With the same end in view, it is desirable 
that the Directors should represent diverse fields, for 
example, geology, iron mining, nonferrous metallurgy, 
economics, and ore dressing. In seeking to maintain 
appropriate technical Division and group representation 
on the Board, the Nominating Committee may seek and 
solicit the suggestions of individual Divisions or groups. 

The Committee may note in this connection that the 
Chairman of each Division is a voting member ex officio 
of the Board of Directors during his term in office. 

In nominating the Candidate for Director and Presi- 
dent, particular consideration should be given to “major 
interest.” It is desirable that the principle of rota- 
tion as to primary interest should be a factor in se- 
lecting the Presidential candidate. 

Obligations of Directors. In establishing definite geo- 
graphical Districts for the selection of Directors, it 
is the purpose and hope of the Board that an effective 
liaison between the Board and all sections of the coun- 
try can be maintained. To this end, each Director wil! 
be considered as representing a geographical District. 
This arrangement, in conjunction with representation 
of the Divisions, will be effective only to the extent 
that the Director actually functions in behalf of his 
District or his Division. It is the duty, therefore, 
cf the Nominating Committee to make it clear to the 
prospective nominee that, in addition to the honor, the 
position of Director carries with it definite responsi- 
bilities. The Committee should receive from the Local 
Sections suggesting candidates, or otherwise obtain as- 
surance from the candidate that he is able and willing 
to undertake these responsibilities. 

A Director should plan to attend at least two meet- 
ings of the Board, and as many other meetings as is 
practical, taking into account the distance he resides 
from New York; he should keep himself informed of the 
activities of the technical Division and Branch that rep- 
resents his major interest and should attend meetings 
of that Division when practical; and he should keep in 
close touch with the officers of the Local Section or 
Sections in his district by attending meetings of the 
Sections or otherwise and should assume a personal re- 
sponsibility for promoting healthy Local Section ac- 
tivities. 

The Board offers this Information and Advice to 
assist the Nominating Committee in its functions but 
points out that Article IX. Section 1. paragraph 4 of 
the Bylaws which reads: “This Committee shall proceed 
to the selection of candidates and the naming of a 
ticket In making such selections the Nominating 
Committe, shall, so far as practicable, distribute the 
representation on the Board geographically, provided 
that seven Directors shall be residents of New York 
City or the territory within a radius of fifty miles of 
the headquarters of the Institute” is the mandatory 
instruction to the Committee and that the interpreta- 
tion of this paragraph and matters outside its intent 
are left to the discretion of the Committee. 
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NOMINATING COMMITTEE FOR OFFICERS 
FOR 1951 


Members at Large 


O.B.J. Fraser, Chairman—Assistant Manager, De- 
velopment and Research Division, International 
Nickel Co., 67 Wall St., New York, N. Y. 


Paul E. Fitzgerald—Dowell Incorporated, 524 Ken- 
nedy Bldg., Tulsa 3, Okla. 


P. D. I. Honeyman—Inspiration Consolidated Cop- 
per Co., Inspiration, Ariz. 


Local Section 

Representatives 

BOSTON—Raymond B. Ladoo, 42 Huntington Road, 
Newton, Mass. 


(Canada)—H. M. Griffith, Works Mgr., Steel Co. of 
Canada, Ltd., Hamilton, Ont. 


CENTRAL APPALACHIAN-Charles T. Holland, 
Virginia Polytechnic Institute, Blacksburg, Va. 


DELTA—F. E. Simmons, Jr., Houma, La. 


DETROIT—Roger F. Mather, Chief Metallurgist, 
Kaiser-Frazer Corp., Willow Run, Mich. 


LEHIGH VALLEY—E. A. Anderson, New Jersey 
Zinc Co., Palmerton, Pa. 





NEW YORK—T. B. Counselman, The Dorr Co., 570 
Lexington Ave., New York 22, N. Y. 


NEVADA—Louis D. Gordon, Supervisory Engineer, 
State of Nevada, Mining Section, RFC, Reno, Nev. 


OREGON —FPierre R. Hines, 1007 E. Burnside St., 
Portland 14, Oreg. 


SOUTHERN CALIFORNIA—Walter B. Hester, 
294 St. Albans Ave., S. Pasadena, Calif. 


SOUTHEAST—W. C. Chase, General Superinten- 
dent of Mines, Alabama Byproducts Corp., Bir- 
mingham, Ala. 


SOUTHWESTERN NEW MEXICO—David W. 
Boise, 917 West St., Silver City, N. Mex. 


SOUTHWEST TEXAS—R. C. Granberry, Jr., Hum- 
ble Oil & Refining Co., Corpus Christi, Texas. 


TRI-STATE—George M. Fowler, 608 Joplin Na- 
tional Bank Bldg., Joplin, Mo. 


UPPER PENINSULA—Grover J. Holt, Cleveland- 
Cliffs Iron Co., Ishpeming, Mich. 


UTAH—-B. E. Grant, U. S. Smelting Refining and 
Mining Co., 1119 Newhouse Bldg., Salt Lake City, 
Utah. 





14 
14 
15 
15 
16 





Young on research in coal min- 
ing. 


8-10 Seventh Annual Conference, 


Electric Furnace Steel Commit- 
tee, lron and Steel Division, 
AIME, Hotel William Penn, Pitts- 
burgh. 


H. Wilson on intergranular part- 
ing of 70:30 brass. 


El Paso Metals Section, AIME. 
San Francisco Section, AIME. 
Carlsbad Potash Section, AIME. 
Utah Section, AlME. 

Oregon Section, AlME. 


Coming Meetings 


20 Washington, D. C., Section, 


21 Southwest Texas Section, AIME. 


26-31 AAAS, Penn zone hotels and 
Columbia Univ., New York City. 


4 Chicago Section, AIME. T. B. 
Counselman on Fluidization of 
Solids in Noncatalytic Opera- 
tions. 

6 Columbia Section, AIME. 

10 Delta Section, AIME. Water in- 
jection. 

10 East Texas Section, AIME. 

11 El Paso Metals Section, AIME. 

11 San Francisco Section, AIME. 

11 Southwestern Now Mexico Sec- 


DECEMBER 19 Detroit Section, AIME. 
2 Columbia Section, AIME. 20 Gulf Coast Section, AlME. 
4-7. AIChE, national meeting, Pitts- AIME 
burgh, Pa. ; 
5 Boston Section, AIME. 26 Alaska Section, AIME. 
6 Society for Applied Spectros- 
copy, New York City. 
7 American Mining Congress, An- 27 Montana Section, AIME. 
nual Business Meeting, New 
York City. 
7 Chicago Section, AIME. W. C. JANUARY 1950 
—" on synthetic liquid 2 Boston Section, AIME. 
uels. 
7 New York Section, AIME. L. E. 


13 Rio de Janeiro Section, AIME. 

16 Minnesota Section, AIME. An- 
nual meeting, Hotel Duluth, Du- 
luth, Minn., Mining symposium 
conducted by the Center of Con- 
tinuation Study, of the Univ. of 
Minn. follows annual meeting on 
Jan. 17 & 18. 

16-19 Plant Maintenance Show, 4- 
day exposition and conference 
Auditorium, Cleveland, Ohio. 

18-20 American Society of Civil Engi- 
neers, annual meeting, New York. 

30-Feb. 3 AIEE, winter meeting, Hote! 
Statler, New York. 


9 Rio de Janeiro Section, AIME. 
9 St. Louis Section, AIME, York ine MAE 
Hotel. ‘ 
13 Delta Section, AIME. W. H. Skin- 
ner on gas condensate well cor- 
rosion problems. 
13 East Texas Section, AIME. 
14 Connecticut Section, AIME. F. 


FEBRUARY 1950 


10 Southwestern Section, Open 
Hearth Steel Committee, Iron 
and Steel Division, St. Louis, Mo. 

12-16 Annual Meeting, AIME, Statler 
Hotel, New York City. 


APRIL 1950 

4-7 Nat'l Assn. of Corrosion Engi- 
neers, St. Louis. 

10-12 Open Hearth Conference, and 
Blast Furnace, Coke Oven and 
Raw Materials Conference, Neth- 
erland Plaza Hotel, Cincinnati. 

19-21 American Society of Civil En- 

ineers, spring meeting, Los An 





Q 


6 American Ceramic Society 
annual meeting, New York City. 

24-26 AMC Coal Convention, Neth- 
4 ao i Edita Cincinnati 


23-2 


o 


OF 
Oo 


25-26 Anr Metal Powder Show 
Book-C H Detroit 
OCTOBER 
NI 4 M c 


9 Fs 


CL: 
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7-9 Electric Furnace Steel Con- 
ference, Iron and Steel Div., 
Hotel William Penn, Pittsburgh. 


APRIL 1951 

2-4 Open Hearth and Blast Furnace, 
Coke Ovens and Raw Materials 
Conference, Iron and Steel Divi- 
sion, Statler Hotel, Cleveland. 
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Conditions Under Which 1950 Publications 
Are Available to Members 


Pursuant to Article X of the By- 
laws of the AIME, the following in- 
formation is hereby given as to the 
“conditions, prices, and terms under 
which the various class:s of mem- 
bers, and Student Associates, sever- 
ally, shall be privileged to obtain 
publications of the Institute during 
the ensuing year.” 

Publications authorized for 1950 
publication include the following: 

Mining Engineering, published 
monthly, containing material, includ- 
ing technical papers, of interest to 
those engaged in exploration, mining 
geology and geophysics, and metal, 
nonmetallic, and coal mining and 
beneficiation, and fuel technology. 

The Journal of Metals, published 
monthly, containing material, includ- 
ing technical papers, of interest to 
those engaged in nonferrous smelting 
and refining, iron and steel, and phy- 
sical metallurgy. 

The Journal of Petroleum Technol- 
ogy, published monthly in Dallas, con- 
taining material, including technica’ 
papers, of interest to those engaged 
in petroleum production. 

Current copies of any one of the 
above journals will be supplied to all 
members in good standing without 
further charge. (A member ceases to 
be in good standing if current dues are 
not paid by April 1.) If more than one 
of the monthly journals is requested, 
$4 extra will be charged for an annual 
subscription, or 75 cents for single 
copies. The nonmember subscription 
price for each journal is $8 in the 
Americas; foreign, $9. Student Asso- 
ciates who pay dues of $4.50 will be 
entitled to the same privileges for all 
publications as members except as 
noted below; those who pay $2 will 
not receive individual subscriptions 
to the journals but otherwise have the 
same privileges. 

Three volumes of “Transactions” 
are authorized for 1950 publication, as 
follows: No. 184, Mining Branch; No. 
185, Metals Branch; and No. 186, 
Petroleum Branch. These volumes 
will be available to paid-up members 
at $3.50 each for a first copy. Non- 
members $7 in the United States; 
foreign $7.50. 

Special volumes 
publication in 1950 
lowing: 

(1) Open Hearth Proceedings. Price 
to AIME members, $7.50; to students 
in accredited colleges in the United 
States, $3. 

(2) Blast Furnace, Coke Oven, and 
taw Materials Proceedings. AIME 
members $5; students as above, $2.50. 

(3) Electric Furnace Steel Proceed- 
ings. AIME members $7; students as 
above, $3. 

(4) Symposium on Tube Production 
Practice. Price to be set. 


now planned for 
include the fol- 
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(5) Basic Cpen Hearth Steelmak- 
ing, 2d ed. Price to be set. 


(6) Statistics of Oil and Gas De- 
velopment and Production. AIME 
members $3; nonmembers $6. 


(8) Conservation of Petroleum, by 
Stuart Buckley. Date of publication 
and price to be determined. 

(9) Coal Preparation, 2d ed. Price 
to members $4 for one copy; addi- 
tional copies at nonmember price of 


If dues are paid subsequent to Jan. 
31, back issues of Institute publica- 
tions will be supplied only if adequate 
stocks are on hand. A member may 
not receive a volume of ‘“Transac- 
tions” or a special volume in lieu of a 
monthly journal, free of charge on 
membership. Members in arrears for 
dues are not entitled to special mem- 
bers’ prices for publications. 

Rocky Mountain Members may 
have their choice of an annual sub- 
scription to one of the monthly jour- 


$8. 


What Went on at Recent Local Section Meetings 


nals on request. 





A TTEND- SPEAKER, AFFILIATION, 
SECTION DATI ANCE AND SUBJECT 

Alaska. . Oct. 24 22 H. G. Wileox, RFC, on history and purpose of the 
RFC, 

Black Hills Sept. 16 5 N. Herz, Homstake Mining Co., on postwar metal- 
lurgieal problems 

Boston... Oct 68 R. L. Nichols, Tufts College, on the Aretie and 
Antarctic. 

Carlsbad Potash Sept. 15 85 L. E. Young, President, AIME, on mining aspects 
of the ECA 

Carlsbad Potash. Oct. 20 50 A. G. Wolf, Texas Gulf Sulphur Co., on sulphur from 
sulphur domes. 

Chicago. . Sept. 14 85 Sir Charles Goodeve, British Iron and Steel Research 
Assn., on organization and work of the Association. 

Colorado. Oct 11 86 L. E. Young, President, AIME. 

Columbia Oct 7 13 J. P. Spielman, Washington State College, on cur- 
riculum for mining schools. 

Connecticut Oct. 12 32 \. Phillips, Yale Univ., on metallurgy in Brazil. 

El Paso Metals Sept. 13 82 L. E. Young, President, AIME, on technical assis‘ ance 
to foreign countries. A. C. Serrano, Mexican 
official, on mining industry of Mexico. 

Gulf Coast Sept. 20 115 A. W. Bounds, Stanolind Oil & Gas Co., on lega 
and political history of the Tidelands controversy. 

Kansas Sept. 7 62 J. E. Smith, Johnson Oil Field Service Co., on drill 
stem testing in open hole. 

Lehigh Valley Sept. 7 3 Annual inspection trip, N. J. Zine Co. mine and mill. 

Lehigh Valley Oct. 21 84 J. E. M. Wilson, Jeffrey Mfg Co., on mechanical 
mining of bituminous coal. 

Montana.. Oct 13 110 L. E. Young, President, AIME. 

North Pacifie Sept. 22 51 E. A. Cocanower and L. Heinzinger, Bethlehem 
Pacific Steel Corp., on the history of Western steel 
industry, and purchasing raw materials for a Seattle 
plant, respectively. 

North Pacific Oct z 60 L. E. Young, President, AIME. 

New York. Sey 7 112 E. Just, ECA, on current strategic materials develop- 
ment in the ERP. 

New York Oct 13 103 M. L. Haider, Imperia Oil, Ltd., on Canadian oil 
developments. 

Ohie Valley Sept. 27 G. von Stroh, BCR, on an analysis for a continuous 
mining mac hine ™ 

Ohio Valley Oc 5) B.D. Blackie and B. W. Dunnington, students, Ohio 
State Univ., on looking Labrador over, an d corrosion 
it elevated temperatures, respectively. 

Pennsylvania- On 8 180 J. R. Hoffert, dept. of health, Commonwealth of Pa., 

Anthracite on abating stream pollution. 

Rio de Janiero Sep 8 A. I. de Oliveira, National Petroleum Council, on 
petroleum and refineries in Bahia. 

Rio de Janiero sel L. J. de Morais, Cia. Acos Especiais de Itabira on 
company activities and objectives. 

Rio de Janiero Oct Ss. I Abreu, Brazilian delegate to UNSCCUR, on 
meeting and visit to oil shale plant. 

Southwest Texas Sept. 14 233 J. 1. .P. Campbell, Lane Wells Co., on the correlation 
of gamma ray and neutron radioactive well logs. 

Southeast Oct 96 L. E. Young, President, AIME. 

Southeast Oct. 21 119 4. C. Fieldner, USBM, on coal and its utilization. 
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Personals 


Robert E. Baarson is working for the 
Eagle-Picher Co. as an engineer in 
exploratory research. His address is 
2512 Main St., Joplin, Mo. 


T. H. Barrett, formerly associate pro- 
fessor at Robert Coliege, Istanbul, 
Turkey, is teaching at Michigan Col- 
lege of Mining and Technology, 
Houghton. He was recently reelected 
a director of the Construction Men’s 
Association of New York City, but 
expects to have time for some con- 
sulting work. 


Oliver W. Borgeson, a °49 graduate 
of Michigan College of Mining and 
Technology, is sales representative in 
the Lake Superior district for the 
Mine Safety Appliances Co. His ad- 


dress is 617 N. 10th Ave. E., Duluth 5. 


Everett O. Bracken received his B.S. 
degree in geological engineering from 
the Montana School of Mines in June 
and is employed by the Silver King 
Coalition Mines Co. at Park City, 
Utah, as a junior geologist. 


Andre L. Brichant has taken up his 
duties as manager of the Belgian 
Government trade exhibition in Kan- 
sas City, Mo. The exhibition opened 
at the end of October and will be of 
a permanent character. 


Joseph F. Brown worked last summer 
for the Lehigh Navigation Coal Co. 
and then returned to Columbia to 
study for an EM degree under a 
Krumb Fellowship. 


Charles H. Burgess, mining consultant 
and geologist, succeeded Evan Just 
as director of the strategic materials 
division of ECA on Nov. 14. After 
more than sixteen months as director, 
Mr. Just returned to the editorship 
of E&MJ. Mr. Burgess had been 
deputy director of the ECA division 
since October 1948. He had worked 
for Anaconda and the Quartz Hill 
Mining Co. and during the war was 
with the BEW, OPA, and WPB. 


Donald Carlisle is a lecturer in the 
department of geology at the Univer- 
sity of California at Los Angeles. 


D. J. Christie has left S. W. Africa, 
where he was a metallurgical engi- 
neer for the Tsumeb Corp., to become 
a student at the Harvard Business 
School. 


A. F. Crosby recently took the post 
of mill superintendent with the New 
York and Honduras Rosario Mining 
Co., San Juancito, Honduras. 
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James W. Crosby, III, recently took 
the post of junior mining geologist 
with the California State Division of 
Mines and Geology. His address is 
543 Ramsell St., San Francisco 27. 





Herbert Hoover 


Herbert Hoover received the Freder- 
ick W. Taylor Key of the Society for 
Advancement of Management on Nov. 
3. in recognition for his services to 
the nation as chairman of the Com- 
mission on Organization of the Ex- 
ecutive Branch of the Government. 
The key is presented annually for the 
outstanding contribution to the ad- 
vancement of the art and science of 
management as conceived by F. W. 
Taylor, pioneer of scientific manage- 
ment. 

On Feb. 10 Mr. Hoover will be one 
of the recipients of the 10th annual 
Moles award. The Moles, composed of 
men now or formerly engaged in the 
construction of tunnel, subway, sewer, 
foundation, marine, subaqueous, or 
other heavy construction, honor one 
member and one nonmember for their 
contributions to the construction field 
and for their achievements as citizens 
Mr. Hoover is the 1950 nonmembe! 
recipient. 


Erle V. Daveler, vice-president anc! 
director of the American Zinc, Lead 
and Smelting Co., married Mrs. Lola 
3ullard at the Church of St. Ignatius 
Loyola, New York City, on Oct. 27. 
Mr. Daveler, a director of the AIME, 
is Chairman of the Institute’s Finance 
Committee. 


C. B. E. Douglas, after spending most 
of the summer in Alaska, returned to 
the Boston office of the U. S. Smelting 
Refining and Mining Co., which is now 
his head quarters. 


Johannes S. Enslin is inspector of 


mines, Department of Mines in Johan- 
nesburg, S. Africa. 


A. W. Estey can now be addressed 
in care of Nicholson Mines Ltd., Box 
12, Fort McMurrey, Alta. 


K. R. Fleischman is mining engineer 
and metallurgist for Dickson Primer 
& Co., Pty., 73 Day St., Sydney, 
N.S.W., representing Metal Traders 
Ltd., London, and Metal Traders Inc., 
New York, in their metal and ore 
buying interests throughout Aus- 
tralasia. 


J. F. Frost left the Northern Peru 
Mining and Smelting Co. in Trujillo 
to go to Buchans, Newfoundland, 
Where he can be reached in care of 
the Buchans Mining Co. 


E. D. Gardner took up permanent 
duties at Washington, D. C., on Oct. 
20 as chief mining engineer with the 
Bureau of Mines. He had been in 
Denver, working on oil shale. 





Waiter R. Brown 


Walter R. Brown has bought a home 
at 3320 NW 4th St., Miami 35, Fla., 
in which to house his family while he 
is away. At the moment he is not 
engaged in mining work but has hopes 
of some fcr the future. 


I. G. Irving, mining engineer of Butte, 
and his associates are carrying on 
active development work at three 
properties in Montana which were 
prominent a number of years ago, the 
Pyrenees, the Spar, and the Norwich 
mines. 


Dean D. Kerr graduated from the 
University of Kansas in August and 
is employed by the Utah copper divi- 
sion of the Kennecott Copper Corp. 
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His address is 55 2nd Ave., Midvale, 
Utah. 


Edward J. Lee can be reached at 746 
Madison Ave., Scranton, Pa. He is an 
engineer with the Hudson Coal Co. 


Hsin Te Lee is working for the Grand- 
view Mine at Metaline Falls, Wash., 
as assayer. 


Paul Linz has been made chairman of 
the board of directors of the South 
American Minerals and Merchandise 
Corp. He continues as personal as- 
sistant to Mauricio Hochschild in all 
his enterprises. SAMINCORP repre- 
sents Hochschild interests in Peru, 
Bolivia, Chile, Argentina, and Brazil. 


Orville R. Lyons left Battelle Memo- 
rial Institute on Nov. 1 to become coal 
preparation engineer with Heyl & 
Patterson, Inc., Pittsburgh. 


Vernon L. Mattson, former chief en- 
gineer for the Consolidated Feldspar 
Corp., is director of the Colorado 
School of Mines Research Foundation. 
Bis home address is 1198 Pikeview St., 
Lakewood Station, Denver. 


G. C. McCartney recently moved his 
consulting office to 15 King St. W., 
Tcronto 1, Ont. He is devoting con- 
siderable time to the search for ura- 
nium deposits, especially in the Lake 
Athabaska area of Northern Sas- 
katchewan. 


L. Charles McHenry, who graduated 
from Missouri School of Mines last 
June, is an engineer with the Tennes- 
see Coal, Iron and Railroad Co. His 
address is 2208 Clarendon Ave., Bes- 
semer, Ala. 

Edward C. Meagher, treasurer of the 
Texas Gulf Sulphur Co., has been re- 
elected president of United Engineer- 
ing Trustees. James L. Head, Chile 
Exploration Co., was re-elected as- 
sistant treasurer and John H. R. Arms 
continues as secretary. 


William L. Merritt has opened a con- 
sulting mining engineering office at 
1108 Hobart Bldg., 582 Market St.. 
San Francisco 4, and has discontinued 
both the Chio and Sanger, Calif., ad- 
dresses. 


Melbourne W. Miller graduated from 
the Colorado School of Mines last 
May and is employed by the Euclid 
Road Machinery Co. of Cleveland, 
Ohio, as a field engineer. 


R. C. Morgan is working as a junior 
engineer for the Columbia Iron Min- 
ing Co. at the Iron Mountain mine. 
His address is 171 S. 100 E., Cedar 
City, Utah. 
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Frank Noe, of the Bureau of Mines, 
has been transferred from the Salt 
Lake City office to Rio de Janeiro 
where he has been assigned to work 
with the Departmento Nacional da 
Producao Mineral of the Brazilia: 
government. 


Just thirty years ago, when Horace 
Winchell was President of the AIME 
and Herbert Hoover had been selected 
as the President for the ensuing year, 
Grace Pugsley, then barely out of 
kindergarten, applied for a job at In- 
stitute headauarters and got it. In 
addition to the stenographic com- 
petence which is possessed by most 


young ladies entering business life, 
she brought to her new job, as it 


proved, a natural interest and ability 
in both the editorial and advertising 
phases of the publishing business; a 
cheerfulness that enabled her to get 
along with even the most difficult 
advertising managers (editors are 
usually not troublesome); and an in- 





ee, 


a 1 
born desire and energy to do the job 


before her as well as possible, with 
no complaint about occasional over- 


time or the extra assignments that 
fall to the lot of a willing worker. 

In the years since 1919 most of 
Grace Pugsley’s work has been in one 
capacity or another on the magazines 
that the Institute publishes, and in 
recent years she has been secretary 
and assistant to the advertising man- 
ager of Mining and Metallurgy and 
Mining Engineering and production 
manager of these journals and of the 
annual Directory. Having’ served 
longer than any one else on the AIME 
staff, she has often been its spokes- 
man and representative, and naturally 
is one of the chief figures in such 
social events as the Christmas staff 
party. Five years ago she became Mrs. 
E. F. Stickle. Two other young ladies 
who joined the Institute staff within 
a year after Grace Pugsley—Grace 
Townsend and Irene Klein—are also 
still on the roll. 

The Secretary, who joined the In- 
stitute as a Member the same time 
that Grace did as an employe unites 
with the staff in congratulating her on 


thirty years of faithful and highly 
competent service. She is the kind 
of person with whom we have all 
enjoyed working. 





Sidney J. McCarroll 


Sidney J. McCarroll resigned as man- 
ager of Minerales de Nacozari on Nov. 
1. This resignation coincides with the 
withdrawal of American interests 
from the company, which is now Mex- 
ican controlled. His present address 
is 1446 12th St., Douglas, Ariz. 


Thomas B. Rees has taken over the 
Charleston-Logan, W. Va., territory 
for the Goodman Mfg. Co. as sales 
engineer. He had been in the Pitts- 
burgh and Huntington territories. On 
Oct. 3 he moved his family from 
Signal Mt., Tenn., to 9 Estill Drive, 
Charleston, high above the Kanawha 
River. Mr. Rees has also been asso- 
ciated with the Ross Meehan Foun- 
dries, Hedges Mfg. Co., Johns Man- 
ville, and Combustion Engineering. 


Stuart St. Clair returned to New York 
in October after “20,000 miles over 
Africa” by air safari. He represented 
Overseas Consultants, Inc., of New 
York City, who, in conjunction with 
the engineering firm of Sir Alexander 
Gibb & Partners of London, conducted 
a reconnaissance survey of a proposed 
connecting link between the Rho- 
desian and East African Railway Sys- 
tems for the British Colonial Office. 
The trip took three months and in- 
cluded all of Tanganyika and much of 
Kenya, Nyasaland, and N. and SB. 
Rhodesia, and a little of Belgian 
Congo and Portuguese East Africa. 


Robert T. Sanden, recent graduate of 
the University of Minnesota, is an 
assistant research engineer for the 
M. A. Hanna Coal and Ore Co. He 
can be reached at 2623% ist Ave., 
Hibbing, Minn. 


Donald J. Saunders is attending the 
University of Minnesota graduate 
school, working for an M.S. degree in 
geology. 
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Carl W. Sawyer is a metallurgist at 
King Lease Inc., Ouray, Colo. The 
mine, located about six miles from 
Ouray, produces lead, zinc, gold, and 
silver. 


Alan A. Sharp, stationed with the Bu- 
reau of Mines health and safety divi- 
sion at Phoenix, was recently trans- 
ferred to Denver, which has just been 
designated as regional headquarters 
for the Bureau’s Rocky Mountain 
area. Having cut his eye teeth in min- 
ing around Colorado, he finds the 
change welcome and anticipates good 
skiing within short driving distance 
from the mile-high city. 


Philip J. Shenon is now in Salt Like 
City filling the post of chairman of 
the division of mineral engineering 
at the School of Mines of the Univer- 
sity of Utah. 


Robert H. Shepard has accepted the 
post of company geologist with Malco 
Refineries, Inc., of Roswell, N. M. He 
had been with the U. S. Geological 
Survey. 


Daniel C. Shewmon has become an in- 
structor with the mining department 
of West Virginia Institute of Tech- 
nology, Montgomery, W. Va., after 
working nearly five years with the 
New Jersey Zinc Co., both in New 
Jersey and Virginia. 


John P. Skinner has been transferred 
from Franklin, N. J., by the New Jer- 
sey Zinc Co. to the Eagle mine in 
Gilman, Colo., as assistant mine fore- 
man. 


Alex J. Speal has been employed as 
assistant mine engineer by the Rich- 
ard Ore (Iron) Co., Wharton, N. J., 
since graduating from Lafayette Col- 
lege as a mining geologist in June. 
His address is Box 243, Mt. Hope Rd., 
Rockaway Township, N. J. 


Hugh S. Spence has retired from the 
Mineral Resources Division, Canadian 
Bureau of Mines, after 39 years of 
service. The Bureau’s specialist in a 
wide range of industrial minerals, he 
is also an authority on radioactive 
minerals having made the first official 
report on the pitchblende discoveries 
at Great Bear Lake in 1931. His 
Prospector’s Guide to Uranium and 
Thorium Minerals has had the widest 
circulation of any publication put out 
by the Bureau. Now he intends to en- 
gage in private corsulting practice, 
with an address at 222 Argyle Ave., 
Ottawa, Ont. 


Harvey W. Smith graduated from the 
Colorado School of Mines last May 
and is now employed by the Magma 


Copper Co., Superior, Ariz. Mail 
reaches him at P. O. Box 587, Su- 
perior. 


Ernest M. Spokes, after acquiring a 
M.S. degree in mining engineering in 
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August, was made assistant professor 
of mining engineering at the Univer- 
sity of Kentucky on Sept. 1. 


Edward Steidle, Jr., is in Paris as an 
engineer adviser on mine mechaniza- 
tion for the Joy Mfg. Co. 


W. R. Storms has been transferred 
by the Bureau of Mines from Silver 
City, N. Mex., to Tucson, Ariz., where 
his address is 4020 E. Whitman St. 





Rinaldo V. Taborelli 


Rinaldo V. Taborelli went to the New 
Mexico School of Mines in October as 
development contract officer at the 
school, whose research and develop- 
ment division has a contract with the 
Bureau of Ordnance. Along with his 
regular duty, the present assignment 
affords interesting contact with his 
neglected profession—mining. 


G. Douglas Strachan has been with 
the United States, Philippine War 
Damage Commission in Manila since 
July, 1948. At the present time he is 
in charge of the mining section, with 
the full responsibility of appraising 
and adjudicating all mine damage 
claims. 


Weston Thomas, formerly with the 
Potash Co. of America, is now with 
the Climax Molybdenum Co., New 
York City. His new residence ad- 
dress is 191 Main St., Southport, 
Conn. 


George A. Thompson, Jr., has been 
made assistant professor of the Stan- 
ford School of Mineral Sciences. 


Verle B. Utzinger, former student at 
the University of Illinois, is now field 
engineer for the Muller Co., Decatur, 
Ill. 


John Vanderwilt spent last summer 
in Norway as a consultant for the 
Strategic Materials Division of the 
ERC. He traveled extensively in Nor- 
way, examining the iron deposits of 
Sydvaranger near Kirkenes and the 


Dunderland deposits, north east of 
Mo i Rana. The concentrating plant 
at Kirkenes was completely destroyed 
in 1944 by the retreating Germans 
and much of the destruction is still 
evident although a large part of the 
town has been rebuilt. Reconstruc- 
tion of the plant is underway, aided 
by ECA funds, with partial comple- 
tion hoped for in 1951. A steel plant 
is under construction at Mo i Rana. 
Pyrite ores are probably the most im- 
portant; Mr. Vanderwilt saw repre- 
sentative deposits. Of the mica, nick- 
el, copper, cobalt, manganese, graph- 
ite, and a few nonmetallic minerals, 
graphite is the most important at the 
moment. Norway has not had, and 
still is not having, an easy time, but 
they are working hard and no doubt 
will rebuild the forty percent of their 
industrial wealth destroyed by the 
war. 


Thomas R. Van Fleet, who graduated 
from the University of Arizona last 
May, is working for the U. S. Vana- 
dium Corp., in Uravan, Colo., as a 
mining engineer. 


Howard L. Waldron is working on a 
training program with the Buaas 
Drilling Co. His new address is 2331 
Parkway, Bakersfield, Calif. 


Stanton Walker, director of engineer- 
ing of the National Sand and Gravel 
Association, Washington, D. C., an- 
nounces the removal of the Associa- 
tion’s laboratory to its new location, 
Building H of the Martin Engineering 
College, Washington. Extensive new 
equipment and facilities are being 
provided. 


Robert R. Wallace has completed his 
studies at the Michigan College of 
Mining and Technology and is work- 
ing as a mining engineer with the 
Oliver Iron Mining Co. in Hibbing, 
Minn. 


Paul Weir, president of the Paul Weir 
Co., mining engineers and geologists, 
Chicago, recently spent several weeks 
inspecting coal mining developments 
for the Turkish government. He su- 
pervised five American mining engi- 
neers, geologists, and management 
consultants who reviewed plans and 
specifications for modernization of 
key mines in the Turkish Zonguldak 
field with American equipment and 
methods. Before returning to this 
country, Mr. Weir toured mines in 
Great Britain to check progress of 
test installations of American equip- 
ment and methods in British mines. 


Welch succeeded Brent N. 
Rickard as manager of the Tucson 
ore-buying office of the American 
Smelting and Refining Co. on Oct. 1. 
Mr. Rickard, because of recent illness, 
is retiring from active duty but will 
remain in an advisory capacity until 
July 1, 1950. Mr. Welch has had ex- 


Reed F. 
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tensive experience in the purchase of 
ores and concentrates, having acted 
as ore buyer in the Company’s Salt 
Lake City office since 1937. 





Howard J. Vander Veer 


Howard J. Vander Veer has been ap- 
pointed chief of the division of ad- 
judication in the Colorado-Utah 
region of the Bureau of Land Man- 


agement. He is responsible for all 
BLM mineral activities in the area, 


and supervises all homestead, rights- 
of-way, recreation, and other uses of 
the public lands administered by the 
BLM. He is the first mining engi- 
neer who has ever been appointed 
head of a regional division in BLM 


Sam West is doing graduate work in 
geology and mineralogy at the Uni- 
versity of Arizona, Tucson. 


Jerry F. Whalen, upon graduation 
from the Colorado School of Mines 
last July, took the job of mining en- 
gineer in the coal division of Eastern 
Gas and Fuel Associates and is lo- 
cated at Helen, W. Va. 


Gien B. Wilson has the job of mine 
superintendent with the Crown Point 
Mining Co. His address is Box 761, 
Globe, Ariz. 


Harry J. Wolf, mining and consulting 
engineer, has established his office at 
120 Madison Ave., New York City. 


Rudolph G. Wuerker has the post of 
assistant professor in mining at the 
University of Illinois, Urbana. 


Charles Will Wright sailed for Europe 
in October. He wil! visit Athens, 
Paris, Madrid, Lisbon, and 
London, and can be addressed in care 


Rome, 


of the American Embassies in these 
cities. 3esides getting information 


on certain mine development projects, 
he will make a study of the present 
mining legislation, exchange controls, 
labor conditions, taxes and _ tariffs, 
and the changes that are being con- 
sidered to encourage better co-opera- 
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tion between local and foreign mining 
interests for increased output of 
strategic minerals under private en- 
terprise. 


—In the Metals Branch — 


Robert W. Bohl has been made as- 
sistant professor in the department 
of mining and metallurgical engi- 
neering at the University of Illinois 


Gerard H. Boss left the aeronautical 
materials lab., metallurgical division, 
of the Philadelphia Naval Base last 
May to join the metallurgy division 
or the Oak Ridge National Lab., Oak 
Ridge, Tenn. 


W. L. Brown lives at 928 
N.W., Great Falls, Mont. He is presi- 
dent and general manager of the 
General Distributing Co. in the oxy- 
acetylene and electric welding supply 
business with distribution through- 
out central Montana. 


7th Ave. 





H. J. Kozlowski 


H. J. Kozlowski, for the past 4% 
years a research metallurgist in the 
physical metallurgy division of the 


Bureau of Mines at Ottawa, is on 
leave of absence to take graduate 


studies in 
Yale. 


physical metallurgy at 


C. L. Clayton became affiliated with 
Geo. D. Clayton and Sons, Insurance, 
of Hannibal, Mo., on Nov. 1. 


Warren P. Chernock, formerly a stu- 
dent at Columbia School of Mines, is 
new in the X-ray section of the metal- 
lurgy division of the Argonne Na- 
tional Lab. He lives at 311 S. West 
Ave., Elmhurst, Ill. 


A. A. Conrad, Jr., 
ferred by the Lorain Works of the 
National Tube Co. to the U. S. Steel 
Corp. of Delaware research labora- 
tory for a period of training in re- 
search work. He is addressed at the 
lab., Lincoln Highway, Kearny, N. J. 


has been trans- 


George S. de Moraes graduated from 
Carnegie Tech last June and is now 
working as a metallurgical engineer 
at the Air Depot of the Brazilian Air 
Force in Sao Paulo. 


Paul Dixon, Jr., after completing 
work for his M.S. degree in metal- 
lurgy at Columbia, joined the metal- 
lurgical research department of the 
Chrysler Corp. in Detroit. 


W. E. Duckworth has become re- 
search investigator with the Glacier 
Metal Co., Alkerton, Wembley, Eng- 
land. 


Sanford A. Estes is chief metal- 
lurgist for the Hoyne Iron and Steel 
Co. He can be reached at 4901 Drexel 
Blvd., Chicago. 


Henry E. Frankel recently took the 
job of research assistant at the 
metals research lab. of the Carnegie 
Institute of Technology. His present 
address is 4016 Saline St., Pitts- 
burgh 17. 


Arthur E. Franks is project manager 
of the metals research department of 
the National Research Corp., 70 Mc- 
morial Drive, Cambridge 42, Mass. 


Thomas E. Groce is employed by the 
Kaiser Aluminum Co. at Newark, 
Ohio. 


G. B. Hamilton, Jr., a recent gradu- 
ate from the Case Institute of Tech- 
nology, is with the General Electric 
Co. in Schenectady, N. Y. He is a 
foundry engineer in the steel foundry 
ot the Schenectady works. 


Gene W. Hinds is a metallurgical en- 
gineer with the Geneva Steel Mill in 
Provo, Utah. 


Joseph H. Hoage married Margaret 
Gerdon in Denver on Oct. 23. They 
will make their home at 1314 Stevens 
Drive, Richland, Wash. He is with 
Cc. E. in Richmond. 


Jchn J. Howard, who retired from 
E. J. Lavino & Co. last year, can be 
reached at Garden Court, 47th and 
Pine Sts., Philadelphia 43. 


George J. Jameson has transferred 
from the Technical Group, Naval Sup- 
ply Depot, Clearfield, Ogden, Utah, to 
the Inspection Division, Seattle Sup- 
ply Center, Bureau of Federal Sup- 
ply. His primary duty is strategic 
and critical materials inspection. 


Percy E. Landolt, consulting engineer 
of New York City, has been relected 
president of the Association of Con- 
sulting Chemists and Chemical Engi- 
neers. 
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Robert E. Lenhart is working for the 
General Electric Co. His address is 6 
Union St., Schenectady, N. Y. 


R. J. Loree is associated with Sher- 
ritt Gordon Mines Ltd. at their pilot 
plant in Ottawa, Ont. 


Robert N. Lynch became sales man- 
ager of the heat treating materials 
division of the Park Chemical Co., 
Detroit, on Oct. 1. With the company 
for ten years, he had been working 
as metallurgical sales and service en- 
gineer in the Michigan-Ohio territory 


M. Merlub-Sobel has been appointed 
associate professor of chemical engi- 
neering and metallurgy at the Hebrew 
Institute of Technology, Haifa, Israel 


Jordan S. Murray is a junior process 
engineer with the U. S. Potash Co. 
His address is 407 S. Lake St., Carls- 
bad, N. Mex. 





Bernard S. Lement 


Bernard S. Lement, formerly on the 
research staff at MIT assigned to a 
project on the dimensional stability 
of metals, received his Sc.D. degree 
in metallurgy there, and is now as- 
sistant professor of metallurgy at the 
University of Notre Dame. 


V. A. Phillips has returned to England 
after completing graduate studies at 
the Hammond Metallurgical Lab., 
Yale, and is a research student at the 
Cavendish Lab., Cambridge, England. 


Maurice Sadowsky, Jr., is in the em- 
ployment of the Inland Steel Co. at 
Gary, Ind., as a metallurgical trainee. 


James Howell Smith, formerly in the 
research department of the Metals 
Refining Co., division of the Glidden 
Co., Hammond, Ind.. has transferred 
to New York City as sales representa- 
tive of Metals Refining in the Eastern 
states. His headquarters are at Rm. 
802, 52 Vanderbilt Ave. Recently Mr. 
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Smith was commissioned a Captain 
in the Chemical Corps of the U. S. 
Army Reserve. 





John P. Spielman 


John P. Spielman, formerly profes- 
sor of metallurgy at the Montana 
School of Mines, has been appointed 
dean of the School of Mines at the 
State College of Washington. His ad- 
dress is 1619 Fisk St., Pullman, Wash. 


H, T. Sumsion, previously with the 
University of Utah, is now senior re- 
search engineer in the research de- 
partment of the Carborundum Co., 
Niagara Falls, N. Y. 


Samir Tahir has become metallurgist 
in the chemical department of the 
Egyptian Government. His address 
is 22 Dar El Shefa St., Garden City, 
Cairo. 


Lars H. Villner is a research engineer 
for Jernkontoret in Stockholm. 


Theo J. Voll recently became metal- 
lurgist for the Keystone Carbon Co. 
His address is Box 146A, Rt. 1, Saint 
Marys, Pa. 


—In Petroleum Circles — 


Philip N. Bailey, formerly with the 
Union Oil Co. of California, is taking 
graduate work at the University of 
Tulsa. 


Douglas Ball went on leave of ab- 
sence from the Phillips Petroleum Co 
in July to become assistant to Max 
Ball, oil and gas consultant, in Wash- 
ington. He is also attending classes 
at. George Washington University. 
Mr. Ball recommends observance of 
certain portions of the fauna of 
downtown Washington at lunchtime 
for all engineers and geologists, es- 
pecially on breezy days. 


John R. Brack is employed by the 
Ohio Oil Co. as a trainee at the 
Yates field in Iraan, Texas. He gets 
his mail at Box 523, Iraan. 


Joe Chastain is engineer representa. 
tive for the Bethlehem Supply Co., 
Midland, Texas. 


Lester D. Collier is a junior geologist 
with the Union Oil Co. of California 
at Shreveport, La. 


J. E. Eckel resigned from the Oil Cen- 
ter Tool Co. on Oct. 15. His address 
is 300 Carson Court, Houston 4. 


Joy Elledge is progress engineer for 
the Transcontinental Gas Pipe Line 
Corp. Mail goes to his home at 1002 
Annex, Dallas. 


Earl Ellis has a job as geophysicist 
with the Humble Oil and Refining Co 
His mail goes to Box 212, Frank- 
lin, La. 


I’. A. Graser has returned to the 
ranks of petroleum consultants with 
his office at his home 421 Oak Lane, 
San Gabriel, Calif., after a year with 
the Cleveland Oil Co. in Los Angeles. 





Harvey T. Kennedy 


Harvey T. Kennedy has joined the 
staff of the petroleum engineering de- 
partment of Texas A&M as dis- 
tinguished professor of petroleum en- 
gineering. He had been with the 
Gulf Research and Development Co. 
in Pittsburgh. 


Lloyd A. Hamann graduated from the 
University of Southern California last 
June. He is employed by the Stano- 
lind Oil and Gas Co., working as an 
engineer trainee in the Slaughter 
area near Brownfield, Texas. 


R. D. Horst is working as an engi- 
neer trainee with the exploitation de- 
partment of the Shell Oil Co. At 
present his assignment is at the 
Weeks Island field, La. 


Harry L. Horton has become associ- 
ated with Dowell Incorporated as a 


junior engineer. 
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John B. Hundley, Jr., went to work 
with the Richfield Oil Corp. last April. 
He is working in the production de- 
partment at Cuyama Valley, Calif. 





Martin 


V. Dale 


V. Dale Martin resigned as head o* 
the land department for the Vene- 
zuelan Atlantic Refining Co. in 
Caracas, to return to the States, 
where he is engaged in the promo- 
tion of certain oil properties for his 
own account. His address is 326 N. 
Minnesota Ave., Columbus, Kans. 


ki. C. Jacobsen is a geologist for the 
Standard Oil Co. of California. He 
is working in the Los Angeles Basin 
and living at 632 Longfellow, Her- 
mosa Beach, Calif. 


A. A. McArthur is a reservoir engi- 


neer trainee with The Texas Co. His 
mail goes to Box 827, El Campo, 
Texas. 


Paul Meadows graduated from Texas 
Tech last January and is working for 
the Bureau of Mines petroleum ex- 
periment station at Bartlesville, Okla , 
as a petroleum engineer. 


Edward B. Kuhne is an engineer rev- 
enue agent with the Bureau of In- 
ternal Revenue, stationed in New 
Orleans. He was with the Hallibur- 
ton Oil Well Cementing Co. 


Joe A. Laird is a member of the 
faculty of the department of pe- 
troleum engineering at Texas A&M 
College, College Station. 


Howard C. Lawton has recently en- 
tered the consulting business and has 
set up the Lawton Research Labora- 
tory at Fillmore, Calif. He will study 
problems on rotary drilling fluids, 
well reconditioning methods’ and 
analyses. 


William A. Libby works as a guide 
for the National Park Service at 
Carlsbad Caverns in New Mexico. He 
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graduated from Texas 


Mines last May. 


Theodore A. Link, consulting geolo- 
gist of Toronto and Calgary, and 
vice-president of the AAPG and GAC, 
has been giving a series of lectures 
sponsored by the AAPG. He has 
visited Vancouver, Angeles as 
well as parts of West Texas and New 
Mexico. 


Los 


Carl Lund has the post of sales and 
advertising manager with the Loeffler- 
Greene Supply Co. in Oklahoma City, 
Okla. 


Edgar N. Mills has the job of junio: 
engineer with the Pan American Pro- 
duction Co. His mail is sent to Box 
241, Silsbee, Texas. 


T. Noordhuis is in The Hague, Nether- 
lands, as production engineer for 
Bataafsche Petroleum Maatschappy. 


Joseph E. Pogue, head of the Chase 
National Bank’s petroleum depart- 
ment, will relinquish his position as a 
Chase vice-president at the end of the 
year, but will retain his close affilia- 
tion with the bank in a consulting 
and advisory capacity on a part-time 
basis. He will continue his present 
cffice at 18 Pine St., New York City. 





V. J. (Mike) Mercier 


VY. J. (Mike) Mercier has been made 
sales manager for the Mountain Iron 
and Supply Co., Wichita, Kans. For- 
merly with the Lane-Wells Co., he is 
well known in the Mid-Continent for 
his many papers on well logging and 
geophysics. 


Marvin A. Remke was transferred in 
August to the Philiips Petroleum 
Company’s West Texas district as 
staff engineer cn operational prob- 
lems. Now strictly in oil territory, he 
lives at 302 N. Kelley, Odessa, Texas. 


roustabout 
and 


Clovis E. Rodelander is 
engineer for the Stanolind Oil 
Gas Co., Box F., Hobbs, N. Mex. 


College of 


Robert L. Richardson graduated from 
USC in June of 1948 and that August 
went to work for the Rocky Moun- 
tain Drilling. After five months on 
the rig floor he went into the main 
office as a junior engineer. This 
April he and Betty McCall were mar- 
ried. 





Robert G. Hill 


Robert G. Hill recently resigned as 
assistant to the district superinten- 
dent of the Texas Petroleum Co. in 
Venezuela, to do graduate work in 
the department of mineral economics 
at Penn State. 


I’. L. Schenck has left the Atlantic 
Refining Co. to go with Oil Proper- 
ties Consultants of Pasadena, Calif., 
as a geologist. 


Albert G. Sledge, Jr., joined the pro- 
duction department of the Skelly Oi! 
Co. at Velma, Okla., last June as a 
petroleum engineer and in October 
was transferred to Carthage, Texas. 


Gordon T. Swanby is a geophysicis' 
with the Stanolind Oil and Gas Co. 
at Craig, Colo. 


Scott L. Taliaferro has left the Stano- 
lind Oil and Gas Co. His present 
work is that of consulting engineer in 
the partnership of Taliaferro and 
Slicker, 203 Judia Bldg., Cisco, Texas. 


L. K. Van Dongen is a consulting en- 
ineer with Arthur G. McKee & Co 
te receives mail at 115 W. 69th St., 
New York City 23. 


or 
4 
- 


William R. Waag is a training pe- 
troleum engineer with the Sohio Pe- 
troleum Co., working on production 
und drilling in the Illinois district. 


H. Edward Wendt graduated from 
Texas A&M in June with degrees in 
both petroleum and mechanical engi- 
neering. That same month he went 
to work for the Tidewater Associated 
Oi! Co. in the Hobbs, N. Mex., district. 


Section 2... 329 








Obituaries 








Army Adams 


AN APPRECIATION BY JACK M. EHRHORN 


Army Adams died of wounds of a gun 
accident on the rifle range at Grass 
Valley, Calif., on Aug. 20, 1949. He 
had been practicing his marksman- 
ship in anticipation of the coming 
deer season. 

Army was born in Montrose, Colo., 
on July 27, 1884. His father, John 
Adams, was a West Point Cadet who 
served as a member of the West Point 
Military Academy Escort which ac- 
companied President Lincoln to the 
White House. The unusual name of 
Army had this origin. Army attended 
Montana University School of Mines 
where he studied mining engineering. 
Army Adams married Miss Alice 
Gregory in Colorado in 1910. His wife 
and three sons survive him. 

Army Adams spent a full life in 
the West and acquired a wide and 
varied experience in mining, milling, 
and construction. He had worked for 
the Liberty Bell Gold Mining and 
Milling Co., the old Taylor Foundry 
and Machine Works, United Com- 
stock, Pacific Gas and Electric Co., 
Mazapil Copper, Deep Creek Placer, 
Porcupine Mining Co., and the Idaho- 
Maryland Mines Corp. In 1940 he 
joined the Poverty Hill Partnership 
on which operations were suspended 
in 1942 by Order L-208. 


Army Adams had a fund of stories 
and was one of the most entertaining 
of men. His resourcefulness expressed 
itself in his interesting recounting of 
his experiences. Early in his career 
he wrote several western stories 
which were published. Army Adams 
could be as rough and tough as men 
come or he could be as gentle as a 
lamb. He was a keen student of 
human nature and became an expert 
judge of men. Men liked to work 
with Army; though he was a severe 
taskmaster, they knew him to be fair 
and just. He was a man of highest 
mental and moral integrity and he 
will ever serve as an inspiration to 
those who knew and loved him. 


Necrology 
Date 


Elected Name Date of Death 
1928 Walter B. Congdon Oct. 20, 1949 


1937 W. J. Felber Mar. 18, 1949 
1923 S.R.Guggenheim Nov. 3, 1949 
1926 Thomas K. Knox Mar. 7, 1949 
1924 Frank E. Lee Oct. 19, 1949 


1944 C. Hubert Lenhart Oct. 18, 1949 
1901 Archibald Little June. 24, 1948 
1897 John W. Mercer Oct. 18, 1949 
1948 Earl H. Moffett Unknown 
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Arno S. Winther (Member 1914), for- 
mer general manager of the Miami 
Copper Co., is dead. His eminent lead- 
ership, friendship, and wise counsel 
were enjoyed and appreciated by all 
mining men, from the highest to the 
lowest, with whom he came in con- 





Arno S. Winther 


tact. Mr. Winther studied mining en- 
gineering at the University of Minne- 
sota and first put his education to 
work at the Silver King Mining Co. 
In 1904 he was working for Cerro de 
Pasco, returning to Utah six years 
later with the Utah Consolidated Min- 
ing Co. He was with United Comstock, 
California Zinc, Rawley Mines, and 
Anna Beaver Mines, before taking off 
for Africa and the N’Kana Mine. By 
1936 he was back in the States with 
Miami Copper. 


Zar T. Crittenden (Member 1914), 
plant metallurgist with the Pontiac 
Motor Car Division of General Mo- 
tors, died March 25 in Detroit. After 
getting his degree from the Montana 
State School of Mines in 1913 he went 
to sampling and assaying for the 
Phillipsburg Mining Co. From Mon- 
tana he moved on to the Beaver Lake 
mining district of Saskatchewan and 
then to Manitoba to work for the 
Flin Flon Exploration Co. By 1919 
he was south of the border again, 
associated with the Oakland Motor 
Car Co. in Pontiac, Mich., as assistant 
metallurgist. By 1936 he was plant 
metallurgist of the Pontiac Motor Car 
Division of GM. 


Herbert Chester Greer (Member 
1903), president of the Preston 
County Coke Co., Cascade, W. Va., 
died in August 1948. Upon gradua- 
tion from MIT he worked with the 
Tennessee Coal and Iron Co. as a 
steel melter in the open-hearth steel 
department. In 1903 he was manager 
of the coal and coke department of 
La Belle Iron Works in Steubenville, 
Ohio. He owned the Greer Limestone 
Co. in addition to his work as presi- 
dent of Preston County Coke Co. 


Harry Davenport (Member 1946), 
superintendent of mines for the War- 
ren Foundry & Pipe Co., Wharton, 
N. J., is dead. Mr. Davenport was 
born in Milton, N. J., in 1889, and lived 
and worked in that state all his life. 
At 24 he was superintendent of mill- 
ing and concentration at the Mt. Hope 
Mines and became superintendent of 
mines of the Warren Foundry in 1942. 


James Dyer Jones (Member 1917), 
vice-president in charge of engineer- 
ing for H. A. Brassert & Co., New 
York City, is dead. Mr. Jones started 
life in Pittsburgh in 1881, filled his 
first job there. In 1907 he went to 
Duluth to work for the Minnesota 
Steel Co., was with the M. H. Tread- 
well Co., and then moved to Sault Ste. 
Marie as assistant chief engineer of 
the Algoma Steel Co., eventually be- 
coming vice-president and general 
manager. In 1935 he was in Youngs- 
town, Ohio, as chief engineer for 
Youngstown Sheet and Tube. 


John Henry Gill Monypenny (Member 
1930), metallurgist for Brown, Bay- 
ley’s Steel Works, Sheffield, England, 
died early this year. Mr. Monypenny 
was born at Sheffield in 1885, went to 
University College there and had 
worked for Brown, Bayley’s since his 
graduation in 1904. He was the au- 
thor of “Stainless Iron and Steel,” 
published in 1926, as well as various 
technical papers. 


Sidney Lavern Palmer (Member 
1921), metallurgist for the Federated 
Metals Division of American Smelt- 
ing and Refining, died May 9. He 
began his association with American 
Smelting in 1915, doing engineering 
work along metallurgical lines at the 
various smelters and coal mines of 
the Company in Colorado. Three years 
later he was in charge of all engineer- 
ing work and mechanical operations 
at the Arkansas Valley plant. Since 
then he had worked for the Company 
in Colorado and California. Mr. 
Palmer was born in Ottawa, IIl., in 
1883 and received his B.S. degree 
from Kansas State. For five years 
he was principal of the high school at 
Hutchinson, Kans., and then joined 
AS&R. He developed a number of new 
metallurgical processes and was in- 
strumental in obtaining patents on 
these processes, one of which was 
equipment for casting a new type of 
bar solder which is sold under the 
trademark castomatic. During the 
last several years he had been work- 
ing on the development of wire solder 
at the Newark plant. 


Robert Covert Patterson (Member 
1928), who had worked with both the 
U. S. Bureau of Mines and the U. S. 
Geological Survey, died April 3 in 
Glendale, Calif. He had been super- 
visor of oil and gas operations of the 
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Pacific division of the USGS and 
deputy supervisor of oil and gas oper- 
ations in the Rocky Mountain division 
of the USBM. Mr. Patterson was born 
in 1887 in Neville Island, Pa., and 
was graduated from Occidental Col- 
lege. He had worked for the Standard 
Oil Co. of California and the Califor- 
nia State Mining Bureau. 
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Rudolph Porter (Member 1916), for- 
mer manager of the Federal plant of 
the American Smelting and refining 
Co. at Alton, Ill., died on July 10. He 
was born at Cincinnati, Ohio, in 1878. 
He started work for AS&R at the 
Pueblo plant and then went to Fed- 
eral, Ill., as manager of the Federal 
Lead Co. 
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WAVE FORCES COMPUTED FOR A TYPICAL 
OFFSHORE DRILLING SITE 


PAUL L. HORRER, SCRIPPS INSTITUTION OF OCEANOGRAPHY, LA JOLLA, CALIFORNIA 


ABSTRACT 

Costly damage by severe wave attack 
to many engineering structures has il- 
lustrated the need for a consideration 
of the nature of wave action in plans 
for offshore drilling operations. Using 
wave data it is possible to answer ques- 
tions pertaining to engineering prob- 
lems such as platform elevation, struc- 
ture orientation, and expected wave 
forces. For locations where wave rec- 
ords are not available a technique can 
be used to obtain information about 
wave characteristics from past meteor- 
ological data and near shore submarine 
topography. Forces exerted on struc- 
tures by waves may be divided into 
four parts. A completed study is given 
in which frequencies of various wave 
heights and maximum frictional drag 
forces are computed for a typical off- 
shore drilling site. 


INTRODUCTION 
Waves of tremendous proportions ac- 
winds crash 
against breakwaters and other offshore 
structures 


companying hurricane 


causing untold damages. 
Wave forces exerted on structures at 
these times are enormous, as shown by 
past records of incidents where massive 
portions of breakwaters have been brok- 
en off and moved by waves. On other 
similar occasions, whole structures have 
been unloosed and smashed or floated 
away. These incidents, which seem al- 
most incredible, serve to illustrate the 
great amount of energy contained in 
large waves, and to show that this 
energy results in powerful forces de- 
structive to offshore installations which 
are not designed sufficiently strong to 
withstand wave attack. 

In the past the expected frequencies 
of waves having various characteristics 
have rarely been considered in the de- 
sign of structure affected by wave ac- 
tion. As a result, many structures have 
failed to accomplish the purpose for 
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which they were designed or have col- 
lapsed under wave attack. Others have 
been constructed to withstand greater 
wave energy than is ever encountered, 
with resulting waste of material and 
construction time. 

In this study an analysis is made of 
the frequencies of waves having differ- 
ent characteristics affect the 
plans for offshore drilling installations. 
After such an analysis the erection of 


which 


these structures can proceed with less 
risk involved and with more efficiency 
and economy. 
ENGINEERING ASPECTS 
In the offshore drilling program wave 
forces play an extremely 


part in design and construction of drill- 
ing rigs in shallow water. The design 


important 


of a platform or other structure from 
which drilling equipment is operated is 
critical, because any damage to the 
platform may endanger personnel and 
result in complete loss of equipment. 
Since a platform built too close to the 
water would be battered by breakers, 
and one built unnecessarily high would 
involve undue expense, it is necessary 
to know the most desirable elevation 
at which the platform should be erected. 
This is only one of many questions 
about structural planning which can be 
answered using existing technique for 
determining wave characteristics. 

The purpose of efficient design for 
the portions of many types of offshore 
structures which are acted upon by 
wave forces is the same as that of all 
which deal with 
forces of a fluid on a solid. For these 


designs frictional 
structures the problem is comparable to 
that encountered by undersea craft movy- 
ing through water, except that in the 
case of a fixed structure the force is 
produced by the water moving past the 
model. For off shore sructures which 
are extremely rigid the frictional forces 
may be nearly negligible compared 
with the impact or shock forces im- 
parted by breaking waves. In all cases 
the better design is that which offers 
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the least resistance to the opposing 
forces. 

From a consideration of wave forces, 
each drilling structure varies in efh- 
ciency depending upon the type and 
amount of superstructure in contact 
with the waves. For example, round 
piling and bracing offer less resist- 
ance to wave forces than do I-shaped 
ones. All network superstructure such 
as cross bracing should be kept to a 
minimum and at as low an elevation as 
possible, so that it will not expecience 
the pressure exerted at the tops ef 
breaking waves. Models of proposed 
structures can be tested in wave tanks 
and in the field to ascertain the effi- 
ciency of specific designs. 

Past experience in beach and shore- 
line engineering has shown that, al- 
though changes in the topography of 
the bottom very near shore do not seem 
to be occurring, the natural forces in- 
volved may be in a delicate balance such 
that a static state exists. Interruptions 
of any of these natural forces by erect- 
ing offshore structures are likely to 
cause undesirable effects. Changes in 
beach profile result partly from sedi- 
ment being brought into suspension by 
the orbital motion of waves and partly 
from the transport of sediment by long- 
shore currents. With the erection of an 
offshore structure and consequent 
change in the combined effects of these 
two forces, unfavorable deposition upon, 
or erosion of, the bottom at the site 
may occur. Therefore, combination 
wave and current studies are essential 
for the solution of problems involved 
in the design of most marine structures. 


TECHNIQUE FOR OBTAINING 
WAVE INFORMATION 

In determining the probable effect of 
wave action on an offshore drilling 
structure, it is first necessary to know 
the usual frequencies of certain wave 
types for the given location. A tech- 
nique’’*"” has been developed which 
provides a means for obtaining informa- 
tion about wave characteristics in the 
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past using meteorological data and the 
known submarine topography of the 
region. The procedure for obtaining 
this information at a given location in- 
volves three steps: the first utilizes past 
weather maps, which are readily avail- 
able, for the computation of wave char- 
acteristics in deep water; the second 
determines the modification of these 
characteristics as the waves travel into 
shallow water towards shore; the third, 
using the shallow water wave character- 
istics, provides the expected frequencies 
of forces and moments on engineering 
structures at the proposed location. 


METEOROLOGICAL 
CONSIDERATIONS 

Waves gre produced in an area where 
moderate to strong winds are blowing 
over the ocean and exerting frictional 
drag on the water surface. The higher 
waves result from strong winds when 
there are relatively large areas over 
which the winds are blowing. After for- 
mation, waves move out of the gener- 
ating area and proceed with gradually 
diminishing heights through areas of 
calm or variable winds until, after 
traveling hundreds of miles, their 
heights may become insignificant. It 
is therefore necessary in computations 
of waves to consider storms occurring 
in all parts of the sea or ocean in which 
the drilling site is located. As an ex- 
ample® of wave propagation over great 
distances, the nature of the surf and 
character of the beach in some parts of 
Southern California in summer are 
largely determined by waves which 
have traveled from the southern hemis- 
phere. 

At any given instant, ocean waves are 
usually not uniform but have a variety 
of heights and periods. The procedures 
for determining the characteristics of 
waves in deep water which progress 
toward a given location immediately 
offshore have been devised so as to 
give the average height and period of 
the highest one-third of all waves pres- 
ent. An analysis” of Pacific Coast wave 
records indicates that the average 
height of the highest 10 per cent of the 
waves is equal to 1.29 times the height 
of the highest one-third. The maximum 
highest wave measured each day has a 
height which is equal to 1.87 times the 
average height of the highest one-third. 
The computations made in this study 
are completed for both the highest 10 
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per cent and the maximum highest 
waves which are expected. 


EFFECT OF IRREGULAR 

BOTTOM NEAR SHORE 
As waves enter shallow water they 
are transformed under the influence of 
bottom topography. Refraction occurs 
when the wave crest advances over an 
uneven bottom. The portions of the 
wave which are in deeper water have a 
greater velocity than those in shallow 
water. This causes a bending of the 
crest. Under such circumstances the 
wave energy is concentrated in some 
shore areas and reduced in others. Con- 
sequently, wave height may be either 
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FIG. 1—A SAMPLE REFRACTION DIAGRAM 

ILLUSTRATING CONVERGENCE AND DIVER- 

GENCE OF WAVE ENERGY DUE TO REFRAC- 
TION OVER IRREGULAR BOTTOM. 
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increased or decreased as waves travel 
into shallow water towards the breaker 
zone, 

The drawing’ of refraction diagrams 
is a portion of the technique essential 
to the accurate computation of wave 
forces in shallow water. In Fig. 1 is 
shown a sample refraction diagram’ il- 
lustrating convergence and divergence 
of wave energy due to refraction over 
irregular bottom. The magnitude of the 
refraction factors, to which the wave 
heights are directly proportional, is in- 
dicated by the length of the bars shown 
in Fig. 1. The wave heights, as deter- 
mined by these refraction factors, vary 
from 20 per cent to 350 per cent of the 
heights the same waves would have if 
no refraction occurred. 

Refraction diagrams are useful in 
determining the best location for a 
drilling site. The importance of select- 
ing a location where convergence does 
not occur cannot be over emphasized. 
NATURE OF WAVE FORCES 

In shallow water the maximum wave 
height at any depth is that of a wave 
whose characteristics are such that it 
breaks at that depth. Although the 
total energy of a wave is slightly re- 
duced as it comes into water shallow 
enough to alter its form, a greater por- 
tion of its total energy then lies above 
still water level and moves forward 
with the wave form. Consequently a 
breaker produces a much greater stress 
on structures than would a wave of 
equal height in deep water. The fre- 
quency of breakers of different kinds 
at a given location depends upon the 


— 


| 
| 


nm Boord 333 


FIG. 2 — ORBITAL MOTION OF WAVES 5 FT TO 7 FT BELOW SURFACE OF WATER. TIME 
INTERVAL TWO SECONDS FOR EACH CONSECUTIVE NUMBER. 
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frequency of waves of different heights 
in deep water offshore, refraction char- 
acteristics over shallow bottom near the 
location, and the depth of water at the 
location. 

For all but very short period waves 
a linear relationship exists between the 
height of breakers and the depth of 
water in which breaking waves occur. 
The depth at a drilling site may vary 
due to regular astronomical tides and 
also due to storm tides which result 
from piling up water along the coast 
by wave transport and transport due 
to wind stress on the sea surface. For 
this reason at a given location there are 
a number of different breaker heights 
possible. of which the greatest may oc- 
cur only in connection with intense 
storms. Rather large depth changes at a 
given location are especially character- 
istic in the case of hurricanes, and spe- 
cial consideration must be given to the 
associated problems in the Gulf of Mex- 
ico where hurricane waves are not 
infrequent. 


The forces exerted by waves on struc- 





WAVE HEIGHT AND DIRECTION IN 
DEEP WATER. 


FIG. 3 


Height and Period Frequencies (in days) 


Less Than 
2 f 


l(seeonds 2 ft. 
a4 73.6 
i— 168.4 
ii) S &3 1 
&§—10 | 50.1 
10—12 11.8 
12—14 43.4 
14—16 46.8 
16—18 35.2 
18—20 18.8 
Greater than 20 3.4 

Total 564.6 
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tures in or near the breaker zone are 
due to (1) 
(3) impact, and (4) hydrostatic 
that the 


acceleration, (2) friction, 
head. 
It has been shown"' accel- 
eration force and frictional drag force 
are related to the particle or orbital mo- 
tion of the waves. The nature of the 
particle movement in waves has been 
studied® using motion pictures of a float 
in a wave, and a picture is shown in 
Fig. 2. The dynamic pressures exerted 
by the tops of breaking waves represent 
the greatest frictional drag to which 
structures may be subjected by wave 
the 
breaking waves the orbital velocity is at 


action because at very crests of 
a maximum. The acceleration force is a 
maximum prior to the arrival of the 
crest. 

The magnitude of each of the four 
types of force may vary depending 
upon the design characeristics of a 
given structure as well as the wave 
characteristics. For example, an analy- 
sis’ of breakwater damage indicated 
that a breakwater erected on a random 
less subject 


shock 


upon a 


rubble foundation may be 
to damage by wave impact or 
force than a breakwater built 
more rigid cut stone foundation. Wave 
tank studies’ show that impact forces 
duration due to 


of extremely short 


waves breaking on certain structures 
may be at least one order of magnitude 
greater than forces due to friction and 
acceleration. The pressure due to hy- 
drostatic head is of importance only in 
break- 


waters where a water level difference is 


the case of structures such as 


maintained by waves. 
STUDY FOR TYPICAL 
DRILLING SITE 
For illustrative purposes an applica- 
tion of the entire wave computation 


TABLE I 


H (Feet) 





2—4 {—-6 6-8 §—10 10 

3 H 

10.7 9.0 2.4 

25.4 15.1 7.2 

5.8 5.4 3.6 

10.9 1.0 3.4 
3 10.6 
20.6 5.6 
17.9 2.2 

5.8 14 1 

2 2 3 

136.5 97.9 mo 17.0 
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technique has been made for a location 
off the of California at 35°N 
latitude in 20 feet depth, mean low 
water. Fig. 3 shows statistics on wave 


coast 


height and direction in deep water cal- 
culated” for 1936 to 
1938. In deep water it can be seen that 


the three years 
the greater percentage of higher waves 
is from the northwest. These statistics 
shown in Fig. 3 provide the basis upon 
which the wave forces at the site are 
computed. 

In order to examine the effects of 
the bottom on waves approaching the 
sample drilling site, 17 refraction di- 
agrams were drawn for waves of dif- 
ferent directions and periods. Fig. 4 
summarizes the refraction effects at the 
drilling site for all of the 17 individ- 
ual diagrams. It shows what portions of 
deep water wave height remain after 
refraction for waves of different periods 
and deep water directions. Since no 
portion shown is greater than unity, it 
can be seen that little or no convergence 
is present at this location. A region ot 
approximately no change in wave 
height due to refraction exists for di- 
rections in the westerly quadrant. As 
the directions change, either toward the 
north or toward the south, the waves 
are seen to diverge in traveling over 
the shallow depths adjacent to the coast. 
Using the frequencies of waves greater 
than a given height at the site, after 
the shallow water corrections have been 
applied, it is possible to compute a 
weighted average of the refraction fac- 
tors. This can be done for the site and 
nearby areas to determine whether 
waves at the site will be larger or 
smaller on the average than waves in 
areas adjacent to the site. 

Fig. 


wave crest advance at the site for waves 


5 summarizes the directions of 


(Total Time 3 Years) 


174%4-19% | 


124%—15 15-17% (Break ers) Total 
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14 8 | t | 113.7 
2 1 109.0 
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approaching the site and having any 
given period and direction in deep 
water. Wave 


only the wave height, but changes the 


refraction changes not 


direction of wave advance, and the 
change is such that the wave crests 
tend to become parallel to the bottom 
contours as the waves approach shore, 
thereby decreasing the variability in 
direction of wave approach at the shore. 
Fig. 5 shows that the waves at the site 
have a direction varying from 240° to 
300° and that this variation in wave 
direction is greater for the shorter pe- 
riod waves which are less influenced by 
the bottom topography than waves of 
longer period. For the longer period 
waves the direction varies from about 
255° to 299°. The weighted average di- 
rection at the site for waves higher than 
a given value can be determined. This 
direction can be used in determining 
the orientation of engineering structures 
which will offer the least resistance or 
maximum breakwater action, depend- 
ing on the purpose for which the engi- 
neering structures to be employed. 

In Fig. 6 is shown the maximum 
breaker heights associated with a 25- 
foot depth (mean high water at site) 
and the corresponding deep water wave 
heights for different period waves. Be- 
cause 25-foot depth provides, on the 
average, the worst possible breaker con- 
ditions at the site unless a storm tide 
is produced, this depth was used for 
calculating the wave and_ breaker 
heights at the site. In most cases the 
duration of periods having fairly large 
waves was greater than the time be- 
tween high and low tide. Fig. 6 does 
not include effects. It is 
noted that change in wave height due 
to shallowing of the water alone varies 
considerably with period. 


refraction 


Using the refraction effects shown in 
Fig. 4 and applying other shallow water 
corrections, the height and period fre- 
quencies in days at the site for the 
highest 10 per cent of the waves and 
for the maximum highest waves were 
calculated and are tabulated in Tables 
] and 2. Data of this type may be used 
for calculating dimensions of waves 
model 
After refraction, a rather large pro- 


to be used in experiments. 
portion of the deep water waves had 


heights which were less than two feet. 


Consequently, the number of days in 
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which actual breakers at the site oc- 
curred was considerably less than would 
be expected. Out of the 1180.6 com- 
puted days only on 81.6 days were 10 
per cent of the waves greater than 6 
feet at the site. If only the maximum 
highest wave is considered, then on 
176.4 days were the waves greater than 
6 feet. On only 2.2 days were 10 per 
cent of the waves breaking at the site. 
On 6.8 days the very highest waves were 
breaking at the site. These breakers, 
occur with a number of dif- 
that there is 100 


however, 


ferent storms such 








2 
Wave Bivsstion 2 


In Deep Water 











FIG. 4— PORTION OF DEEP WATER WAVE HEIGHT REMAINING AFTER REFRACTION FOR 
WAVES OF DIFFERENT PERIODS AND DEEP WATER DIRECTION. 


Height and Period Frequencies (in days) at site for Maximum Highest Waves (Total Time 3 Years) 
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TABLE II 
H (Feet) 
| | 
| 
2—4 i | 6-8 | 8—10 10 
35.2 | 7.8 1 4 | 
60.0 51.5 9.7 71 | 
43.1 38.5 24.5 3.9 | 
31.0 17.2 5.3 5.2 | 
19.1 21.2 2.8 8.1 | 
32.9 22.1 3 3.1 
19.5 35.5 20.6 7 | 
12.5 32.2 17.7 9 | 
a, 17.7 4 | 
1.9 2.5 2 
262.9 246.2 81.2 29.8 | 
! 
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per cent probability that in any given 
year breakers whose height is 19.5 feet 
will be formed at the site. If a storm 
tide of 5 feet had occurred at the times 
when the largest waves were present, 
23.4 foot breakers could also have been 
formed at the site. 


In Fig. 7 is shown the cumulative 
per cent frequency of various wave 
heights greater than 6 feet for both the 
10 per cent highest and the maximum 
highest waves. Because a larger number 
of the maximum highest waves are as- 
sociated with the larger wave heights, 
this curve is more steep for the values 
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of greater height than is the curve for 
the highest 10 per cent. In computing 
the wave forces in piling, it has been 
assumed that it would be desirable to 
know the forces exerted for various 
stands of the tide, and also when a 
storm tide occurred. Therefore, four 
representative cases have been studied. 
These cases are tabulated in Table III. 
Cases 2 and 3 occur frequently as 
the tide is largely semi-diurnal in char- 
acter, and Case 2 gives the lowest break- 
ers which could be formed at the site. 
The maximum horizontal velocities were 
solitary wave 


computed using the 


theory.” 
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FIG. 5— WAVE DIRECTION AFTER REFRACTION FOR DEEP WATER WAVES OF 
DIFFERENT PERIODS AND DIRECTIONS. 


TABLE II 


Representative Cases for Which Maximum Horizontal Dynamic 
Pressures Due to Frictional Drag Have Been Calculated 











Case 1 Case 2* | Case 3* Case 4* 
Sea (water) Level. . mean high mean low mean high mean high 

water water water water and 5’ 

storm tide 
UE ND os 5s 5s ci suivavn sab eceapaccopactaem 25 20 | 25 30 
Wave height (feet). ...... 10.0 15.6 19.5 23.4 
Height to crest above bottom (feet) 32.2 31.7 | 39.6 17.5 
Wave velocity (feet per sec.) .... fe ‘ 29.7 32.5 37.9 | 41.5 
Max. Horizontal orbital velocity (feet per sec.) 10.6 2.5 37.9 41.5 
Max. horizontal dynamic pressure due to frictional drag m | 
on circular pile (pounds per sq.ft.) 37 ' 344 173 567 
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Methods for computing forces due to 
impact and acceleration are not avail- 
able. However, maximum horizontal dy- 
namic pressures due to frictional drag 
on circular pile at various elevations 
above the bottom for these four cases 
are shown graphically in Fig. 8. For 
circular pile a drag coefficient of .33 
was used in the computations. On a flat 
plate perpendicular to flow a value of 
1.9 should be used such that all pres- 
sures in Fig. 8 would be 5.8 times as 
large for square or I-shaped pile. The 
total frictional forces on a pile may be 
obtained by integrating the area to the 
left of the curves in Fig. 8. The turning 
moment can be calculated by using the 
difference between the forees near the 
top of the curve and that near the bot- 
tom. The small pressures of Case 1 are 
typical of non-breaking waves. 

Although forces of acceleration and 
impact are not shown in Fig. 8 the 
curves are useful for relative compari- 
son of the effect of wave action from 
waves having different dimensions. 


CONCLUSIONS 

Wave forces play an extremely im- 
portant part in the design and erection 
of offshore drilling structures. An ade- 
quate technique exists for the determi- 
nation of expected frequencies of waves 
having different characteristics from 
past weather data and the known sub- 
marine topography of the region, but 
methods for computing wave forces are 
not yet complete. The entire procedure 
has been illustrated by an example in 
which wave height frequencies and the 
frictional forces on circular pile are 
given. Although the techniques used 
herein have been described elsewhere, 
an application of all these techniques 
to one location has not previously been 
made generally available. 
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THE APPLICATION OF THE LAPLACE TRANSFORMATION 
TO FLOW PROBLEMS IN RESERVOIRS 


A. F. VAN EVERDINGEN, SHELL OIL CO., HOUSTON, AND W. HURST, PETROLEUM 
CONSULTANT, HOUSTON, MEMBERS AIME 


ABSTRACT 


For several years the authors have felt the need for a source 
from which reservoir engineers could obtain fundamental 
theory and data on the flow of fluids through permeable media 
in the unsteady state. The data on the unsteady state flow are 
composed of solutions of the equation 


oP * I oP. - oP 


or or or ot 

Two sets of solutions of this equation are developed, namely. 
for “the constant terminal pressure case” and “the constant 
terminal rate case.” In the constant terminal pressure case the 
pressure at the terminal boundary is lowered by unity at zero 
time. kept constant thereafter, and the cumulative amount of 
fluid flowing across the boundary is computed, as a function 
of the time. In the constant terminal rate case a unit rate 
of production is made to flow across the terminal boundary 
(from time zero onward) and the ensuing pressure drop is 
computed as a function of the time. Considerable effort has 
been made to compile complete tables from which curves can 
be constructed for the constant terminal pressure and constant 
terminal rate cases, both for finite and infinite reservoirs. 
These curves can be employed to reproduce the effect of any 
pressure or rate history encountered in practice. 

Most of the information is obtained by the help of the 
Laplace transformations. which proved to be extremely helpful 
for analyzing the problems encountered in fluid flow. The 
application of this method simplifies the more tedious mathe- 
matical analyses employed in the past. With the help of La- 
place transformations some original developments were ob- 
tained (and presented) which could not have been easily 


foreseen by the earlier methods. 


INTRODUCTION 
This paper represents a compilation of the work done over 
the past few years on the flow of fluid in porous media. It 
concerns itself primarily with the transient conditions prevail- 
ing in oil reservoirs during the time they are produced. The 
study is limited to conditions where the flow of fluid obeys the 


diffusivity equation. Multiple-phase fluid flow has not been 
considered. 

\ previous publication by Hurst’ shows that when the pres- 
sure history of a reservoir is known, this information can be 
used to calculate the water influx, an essential term in the 
material balance equation. An example is offered in the lit- 
erature by Old* in the study of the Jones Sand, Schuler Field, 
Arkansas. The present paper contains extensive tabulated 
data (from which work curves can be constructed), which data 
are derived by a more rigorous treatment of the subject mat- 
ter than available in an earlier publication.’ The application of 
this information will enable those concerned with the analysis 
of the behavior of a reservoir to obtain quantitatively correct 
expressions for the amount of water that has flowed into the 
reservoirs, thereby satisfying all the terms that appear in the 
material balance equation. This work is likewise applicable to 
the flow of fluid to a well whenever the flow conditions are 
such that the diffusivity equation is obeyed. 


DIFFUSITY EQUATION 

The most commonly encountered flow system is radial flow 
toward the well bore or field. The volume of fluid which flows 
per unit of time through each unit area of sand is expressed 

by Darcy’s equation as 
K 
a ee eee 

UL or 

where K is the permeability, « the viscosity and OP/Or the 
pressure gradient at the radial distance r. A material balance 
on a concentric element AB, expresses the net fluid traversing 
the surfaces A and B, which must equal the fluid lost from 
within the element. Thus, if the density of the fluid is ex- 
pressed by p, then the weight of fluid per unit time and per 
unit sand thickness, flowing past Surface A, the surface near- 


est the well bore, is given as 


>... K OP _ 2K ( eP ) 
2rrp = pr 
& or Me or 


The weight of fluid flowing past Surface B, an infinitesimal 
distance 5r, removed from Surface A, is expressed as 


| ( oP ) 
(pr 
: - 


Manuscript received at office of Petroleum Branch January 12, 1949. Ink >pP 
Paper presented at the AIME Annual Meeting in San Francisco, Febru- - : O | 
ary 13-17, 1949. [er ; om ay 
* References are given at end of paper. Mh or Ol 
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The difference between these two terms, namely, 
oP 
an¥ a( aalge 
27K or 
b r 


is equal to the weight of fluid lost by the element AB, or 


ér, 


— 2rfr =. dr 
r 


where f is the porosity of the formation. 
This relation gives the equation of continuity for the radial 
system, namely, 


i mma tle .,.. Oi 
7 or oT 


From the physical characteristics of fluids, it is known 
that density is a function of pressure and that the density of 
a fluid decreases with decreasing pressure due to the fact that 
the fluid expands. This trend expressed in exponential form 
is 

e=naer™ ee ae 
where P is less than P,, and ¢ the compressibility of the fluid. 
If we substitute Eq. H-2 in Eq. II-1, the diffusivity equation 
can be expressed using density as a function of radius and 
time, or 


j 1 K 
e r or ) —— a (II-3) 
or r or fuc Ol 
For liquids which are only slightly compressible, Eq. II-2 
simplifies to p=p,[1— c(P,-P)] which further modifies 


Eq. II-3 to give 
Pp 1 oP K P 

( 2 — + -- 0 ) -= = . Furthermore, if the 
or r or fuc oT 


radius of the well or field, R,. is referred to as a unit 
radius, then the relation simplifies to 
oP 1 oP oP 
or or or ry ot 


where t = KT/fucR,” and r now expresses the distance as a 


(II-4) 


multiple of R,, the unit radius. The units appearing in this 
paper are always used in connection with Darcy’s equation, so 
that the permeability K must be expressed in darcys, the 
time T in seconds, the porosity f as a fraction, the viscosity » 
in centipoises, the compressibility c as volume per volume 
per atmosphere, and the radius R,, in centimeters. 


LAPLACE TRANSFORMATION 

In all publications, the treatment of the diffusivity equation 
has been essentially the orthodox application of the Fourier- 
Bessel series. This paper presents a new approach to the 
solution of problems encountered in the study of flowing fluids, 
namely, the Laplace transformation, since it was recognized 
that Laplace transformations offer a useful tool for solving 
difficult problems in less time than by the use of Fourier- 
Bessel series. Also, original developments have been obtained 
which are not easily foreseen by the orthodox methods. 

If P,., is a pressure at a point in the sand and a function 
of time, then its Laplace transformation is expressed by the 
infinite integral 


om t 


runt fe™ Pi, & (III-1) 


where the constant p in this relationship is referred to as the 
operator. If we treat the diffusivity equation by the process 
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implied by Eq. III-1, the partial differential can be trans- 
formed to a total differential equation. This is performed by 
multiplying each term in Eq. Ii-4 by e~' and integrating with 


respect to time between zero and infinity, as follows: 
eo oP 1 oP © OP 
i es =< dt = jf e** —dt 

o 0 ot 


or r or 


Since P is a function of radius and time, the integration with 


(IL-2) 


respect to time will automatically remove the time function 
and leave P a function of radius only. This reduces the left 
side to a total differential with respect to r, namely, 


oc 
: ~*~ fi6"P ai — 
© oP Co dP, 
i< dt = = —— etc. 
o or or dr’ 
and Eq. III-2 becomes 
dP, 1 dP ; Z dP 
: T = jf eo” — dt 
dr’ r dr 0 dt 
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FIG. 1A — SEQUENCE CONSTANT TERMINAL PRESSURES. 
1B — SEQUENCE CONSTANT TERMINAL RATES. 
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Furthermore, if we consider that P,,) is a cumulative pressure 
drop, and that initially the pressure in the reservoir is every- 
where constant so that the cumulative pressure drop P,,-»)=0, 
the integration of the right hand side of the equation becomes 
x dP x ve 
fe? — dt=e" Py tp tf om Pi dt 
0° dt | ° o 
a“ 


= 5 hi ov Pian & 


oO 
As this term is also a Laplace transform, Eq. III-2 can be writ- 
ten as a total differential equation, or 











dP, 1 dP,, » 
ee de ee ee = pP., (111-3) 
dr° r dr 
y 
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FIG. 3 — CONTOUR INTEGRATION IN ESTABLISHING THE CONSTANT 
TERMINAL RATE CASE FOR LIMITED RESERVOIR. 
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The next step in the development is to reproduce the boun- 


dary condition at the well bore or field radius, r= 1, as a 
Laplace transformation and introduce this in the general solu- 
tion for Eq. III-3 to give an explicit relation 


Pas = tas 
By inverting the term on the right by the Mellin’s inversion 
formula, or other methods, we obtain the solution for the 
cumulative pressure drop as an explicit function of radius 
and time. 
ENGINEERING CONCEPTS 

Before applying the Laplace transformation to develop the 
necessary work-curves, there are some fundamental engineer- 
ing concepts to be considered that will allow the interpreta- 
tion of these curves. Two cases are of paramount importance 
in making reservoir studies, namely, the constant terminal 
pressure case and the constant terminal rate case. If we know 
the explicit solution for the first case, we can reproduce any 
variable pressure history at the terminal boundary to deter- 
mine the cumulative influx of fluid. Likewise. if the rate of 
fluid influx varies, the constant terminal rate case can be used 
to calculate the total pressure drop. The constant terminal 
pressure and the constant terminal rate case are not inde- 
pendent of one another, as knowing the operational form of 
one, the other can be determined, as will be shown later. 


Constant Terminal Pressure Case 

The constant terminal pressure case is defined as follows: 
At time zero the pressure at all points in the formation is con- 
stant and equal to unity, and when the well or reservoir is 
opened, the pressure at the well or reservoir boundary, r = 1, 
immediately drops to zero and remains zero for the duration 
of the production history. 

If we treat the constant terminal pressure case symbolically, 
the solution of the problem at any radius and time is given 
by P = P,,..). The rate of fluid influx per unit sand thickness 
under these conditions is given by Darcy’s equation 


en o) “4° (IV-1) 
r— 


Qa) = r 
be or 


If we wish to determine the cumulative influx of fluid in 
absolute time T, and having expressed time in the diffusivity 


equation as t = KT/fucR,,”. then 


T _ 27K fycR,” + oP 
Wm =_f ee T= .———— ad dt 
o 7 K o or = } 

= 2h; Oey «= « « « = GB 

where 
t P 
Qs» = J Q ) dt . « \G¥-3) 

oO er r= ] 

In brief, knowing the general solution implied by Eq. IV-3, 
which expresses the integration in dimensionless time, t, of the 
pressure gradient at radius unity for a pressure drop of one 
atmosphere, the cumulative influx into the well bore or into the 
oil-bearing portion of the field can be determined by Eq. IV-2. 
Furthermore, for any pressure drop, AP, Eq. IV-2 expresses 
the cumulative influx as 

Qu, = 2ricRy AP Q,, 


per unit sand thickness.* 


. * (IV-4) 


* The set of symbols now introduced and the symbols reported in 
Hurst’s' earlier paper on water-drive are related as follows: 
—_ t é 
G(a 0/R’) = Q., and G(a* 6/R*) = ff Qa) dt where 
0 
< 1 = 
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When an oil reservoir and the adjoining water-bearing for- 
mations are contained between two parallel and sealing fault- 
ing planes, the flow of fluid is essentially parallel to these 
planes and is “linear.” The constant terminal pressure case 
can also be applied to this case. The basic equation for linear 
flow is given by 


oP oP. 
Ox ot 


where now t = KT/fuc and x is the absolute distance meas- 


(IV-5) 


ured from the plane of influx extending out into the water- 
bearing sand. If we assume the same boundary conditions as 
in radial flow, with P = P(x,t) as the solution, then by 
Darcy’s law, the rate of fluid influx across the original water- 
oil contact per unit of cross-sectional area is expressed by 


wa > 


The total fluid baie’ is given by 


- K fue */ oP 
Qua = P q«r) dT = — . - — r r€ ) ) dt 
BM _S. Ox x=0 
(IV-7) 


is Qi A se 
where Q,,, is the generalized solution for linear flow and is 


Qe) J(2 oP -) dt 
x=0 


Therefore, for any over-all pressure drop AP, Eq. IV-7 gives 
Qa, = feAP Qa (IV-9) 


per unit of cross-sectional area. 


(1V-6) 


equal to 


(1V-8) 


Constant Terminal Rate Case 


In the constant terminal rate case it is likewise assumed that 
initially the pressure everywhere in the formation is constant 
but that from the time zero onward the fluid is withdrawn 
from the well bore or reservoir boundary at a unit rate. The 
pressure drop is given by P = P,,..), and at the boundary of 
(OP/Or) -: = -l. The minus sign 


is introduced because the gradient for the pressure drop rela- 


the field, where r = 


tive to the radius of the well or reservoir is negative. If the 
cumulative pressure drop is expressed as AP, then 


AP = @qw Peo + (IV-10) 


where q,;) is a constant relating the cumulative pressure drop 
with the pressure change for a unit rate of production. By 
applying Darcy’s equation for the rate of fluid flowing into 
the well or reservoir per unit sand thickness 


SS f asf e SS ofan) 
a m or r=] 


qer) = - _ 


Me or 


which simplifies to qu.) = 


Ant 
Therefore, for any constant 
FAs 


rate of production the cumulative pressure drop at the field 
radius is given by 
qir)# 


AP = Pit) 


OK (IV-11) 


where q,;) is the rate of water encroachment per unit area of 
cross-section, and P,,, is the cumulative pressure drop at the 


sand face per unit rate of production. 


Super position Theorem 

With these fundamental relationships available, it remains 
to be shown how the constant pressure case can be interpreted 
for variable terminal pressures, or in the constant rate case, 
for variable rates. The linearity of the diffusivity equation al.- 
lows the application of the superposition theorem as a se- 
quence of constant terminal pressures or constant rates in 
such a fashion that it reproduces the pressure or production 
history at the boundary, r = 1. This is essentially Duhamel’s 
principle, for which reference can be made to transient electric 
circuit theory in texts by Karman and Biot,’ and Bush.° It has 
been applied t othe flow of fluids by Muskat,* Schilthuis and 
Hurst,’ in employing the variable rate case in calculating the 
pressure drop in the East Texas Field.’ 


The physical significance can best be realized by an appli- 
cation. Fig. 1-A shows the pressure decline in the well bore 
or a field that has been flowing and for which we wish to ob- 
tain the amount of fluid produced. As shown, the pressure 
history is reproduced as a series of pressure plateaus which 
represent a sequence of constant terminal pressures. Therefore, 
by the application of Eq. LV-4, the cumulative fluid produced 
in time t by the pressure drop AP,, operative since zero time. 


is expressed by Q,», = 27fcR, AP, Q,.). If we next consider 


Q(t) 
—— 


30 





























Similarly, for the constant rate of production in linear flow, fe) | 
the cumulative pressure drop is expressed by | © P lO 
AP = ee pe... (IVe12) “FIG. 4 RADIAL FLOW, CONSTANT TERMINAL PRESSURE CASE, INFIN- 
ITE RESERVOIR, CUMULATIVE PRODUCTION VS. TIME. 
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the pressure drop AP,, which occurs in time t,, and treat this 
as a separate entity, but take cognizance of its time of incep- 
tion t,, then the cumulative fluid produced by this increment 
of pressure drop is Q,,, = 27fcR,’ AP; Qyt-t:. By super- 
imposing all these effects of pressure changes, the total influx 


in time t is expressed as 


Qi = 2rfcRy” [AP.Qia) + AP:Qe-ty + 


AP.Qce-e) + AP:Qe-ty +--+] (IV-13) 


when t t,. To reproduce the smooth curve relationship of 
Fig. 1-A. these pressure plateaus can be taken as infinitesim- 
ally small, which give the summation of Eq. IV-13 by the 
integral 

: Ou t’) dt’ 


t > 
Ov, = Qeickh, PB a 2 (1V-14) 
By considering variable rates of fluid production, such as 
shown in Fig. 1-B, and reproducing these rates as a series of 
constant rate plateaus, then by Eq. IV-11 the pressure drop in 
the well bore in time t, for the initial rate q, is AP, = q.P i). 
At time t,, the comparable increment for constant rate is ex- 
pressed as q,—q,, and the effect of this increment rate on 
the corresponding increment of pressure drop is AP, = 
(q,:-q.) Pinu). Again by superimposing all of these effects. 
the determination for the cumulative pressure drop is ex- 


pressed by 


[qi (t,) - 


- Gay] 


dio] Po-ty + [dey -—dap] 
Poe-ty + eee (IV-15) 
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FIG. 5— RADIAL FLOW, CONSTANT TERMINAL PRESSURE CASE, 
CUMULATIVE PRODUCTION VS. TIME FOR LIMITED RESERVOIRS. 
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If the increments are infinitesimal, or the smooth curve rela- 


tionship applies, Eq. [V-15 becomes 


t dqit’) - 
AP = dio) Peas \ - P 2-4") dt’ ° (1V-16) 
o dt’ 
If q,.) = 0, Eq. IV-16 can also be expressed as 


t 
AP= § ga, Pauw d «. <-» GN 


where P’,,) is the derivative of P,,) with respect to t. 


Since Eqs. IV-13 and IV-15 are of such simple algebraic 
forms, they are most practical to use with production history 
in making reservoir studies. In applying the pressure or rate 
plateaus as shown in Fig. 1, it must be realized that the time 
interval for each plateau should be taken as small as possible, 
so as to reproduce within engineering accuracy the trend of 
the curves. Naturally, if an exact interpretation is desired, Eqs. 
IV-14 and IV-16 apply. 


FUNDAMENTAL CONSIDERATIONS 


In applying the Laplace transformation, there are certain 
fundamental operations that must be clarified. It has been 
stated that if P,,, 
P.., is given by Eq. III-1, as 


is a pressure drop, the transformation for 


P.,, = jew Pa, dt 


(rT 


To visualize more concretely the meaning of this equation, if 
the unit pressure drop at the boundary in the constant termi- 
nal pressure case is employed in Eq. III-1, its transform is 


given by 
” 1 
P= (er le= ] =— . (V-1) 


The Laplace transformations of many transcendental functions 
have been developed and are available in tables, the most com- 
plete of which is the tract by Campbell and Foster." It is there- 
fore often possible after solving a total differential such as 
Eq. 11-3 to refer to a set of tables and transforms and deter- 


mine the inverse of P,,, or P,,,. It is frequently necessary to 


simplify P,,, before an inversion can be made. However, Mel- 
lin’s inversion formula is always applicable, which requires 
analytical treatment whenever used. 

There are two possible simplifications for i. when time 
is small or time is large. This is evident from Eq. III-3, where 
p can be interpreted by the operational calculus as the oper- 
ator d/dt. Therefore, if we consider this symbolic relation, 
then if t is large, p must be small, or inversely, if t is small, 
p will be large. To understand this, if P,,, is expressed by an 
involved Bessel relationship, the substitution for p as a small 
or large value will simplify P,,, to give P,., for the corre- 


sponding times. 


Mellin’s inversion formula is given on page 71 of Carslaw 


and Jaeger:” 
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where Pe is the transform P| Where this report is con- 


corned with pressure drops, the above can be written as 


ee ee Pog F (V-2) 
tp — Pop ae J (e -e ) (n) dv. é 
7--i% 

The integration is in the complex plane \ = x + iy, along a 
line parallel to the y-axis, extending from minus to positive 
infinity, and a distance y removed from the origin, so that all 
poles are to the left of this line, Fig. 2. The reader who has a 
comprehensive understanding of contour integrals will recog- 
nize that this integral is equal to the integration around a 
semi-circle of infinite radius extending to the left of the line 
x = y, and includes integration along the “cuts.” which joins 
the poles to the semi-circle. Since the integration along the 
semi-circle in the second and third quadrant is zero for radius 
infinity and t>0, this leaves the integration along the “cuts” 
and the poles, where the latter, as expressed in Eq. V-2, are 
the residuals. 


Certain fundamental relationships in the Laplace trans- 
formations are found useful :” 


Theorem A —If P,,, is the transform of P,,,, then 


St 
a dP .., x“ 
od e'- it —~d =o" P.,, te: 5 & Pay me 
C oO 
oO 
= p Ps) s Pi o) 
IPs) 


P = 
or the transform of - = p Pw) —Pi-o), provided e* Py) 


at 
approaches zero as time approaches infinity. 
oe 
Theorem B — The transform of { P,., dt’ is expressed by 
oO 
1? 8) 


i? @) t -—e t 
fer f Py dt'dt = 
o oO 


1 w 
JS Por dt) | +— fe P,, dt 
p Oo p Oo 


or the transform of the integration P,,,. with respect to t’ 


= t 
from zero to t is P,,,/p, if e?' f P., dt’ is zero for time 
oO 


infinity. 


Theorem C — The transform for e+¢t P,,, is equal to 


wo t . 
Se" otet@P,,. d= fe PP... d& = P 


0 o 


if p—c is positive. 


(pe) 


Theorem D — If P,(p) is the transform of P,(t), and P.(p) 
is the transform of P.,,,, then the product of these two trans- 
forms is the transform of the integral 

t 


f Pye’) Pc t’) dt’ 


o 
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This integral is comparable to the integrals developed by the 
superimposition theorem, and of appreciable use in this 
paper. 


CONSTANT TERMINAL PRESSURE AND 
CONSTANT TERMINAL RATE CASES, 
INFINITE MEDIUM 


The analytics for the constant terminal pressure and rate 
cases have been developed for limited reservoirs’* when the 
exterior boundary is considered closed or the production rate 
through this boundary is fixed. In determining the volume of 
water encroached into the oil-bearing portion of reservoirs, 
few cases have been encountered which indicated that the 
sands in which the oil occurs are of limited extent. For the 
most part, the data show that the influx behaves as if the 
water-bearing parts of the formations are of infinite extent, 
because within the productive life of oil reservoirs, the rate of 
water encroachment does not reflect the influence of an ex- 
terior boundary. In other words, whether or not the water sand 
is of limited extent, the rate of water encroachment is such as 
if supplied by an infinite medium. 
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Computing the water influx for an infinite reservoir with the 


help of Fourier-Bessel expansions, an exterior boundary can 
be assumed so far removed from the field radius that the pro- 
duction for a considerable time will reflect the infinite case. 
Unfortunately, the poor convergence of these expansions inval- 
idates this approach. An alternative method consists of using 
increasing values for exterior radius, evaluating the water in- 
flux for each radius separately, and then drawing the envelope 
of these curves, which gives the infinite case, Fig. 5. In such 
a procedure, each of the branch curves reflects a water reser- 
voir of limited extent. Inasmuch as the drawing of an envelope 
does not give a high degree of acuracy, the solutions for the 
constant terminal pressure and constant terminal rate cases 
for an infinite medium are presented here, with values for 
Q,,, and P,,, calculated directly. 

The constant terminal pressure case was first developed by 
Nicholson” by the application of Green’s function to an instan- 
taneous circular source in an infinite medium. Goldstein” pre- 
sented this solution by the operational method, and Smith” 
employed Carslaw’s contour method in its development. Cars- 
law and Jaeger” later gave the explicit treatment of the 
constant terminal pressure case by the application of the La- 
place transformation. The derivation of the constant terminal 
rate case is not given in the literature, and its development 


is presented here. 


The Constant Rate Case 


As already discussed, the boundary conditions for the con- 
stant rate case in an infinite medium are that (1) the pres- 


sure drop P,,..4) is zero initially at every point in the forma- 
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>pP 
( g ) = -] at all times. 
Py1 c= 


\ reference to a text on Bessel functions, such as Karman 
and Biot,’ pp. 61-63, shows that the general solution for Eq. 


III-3 is given by 


= AI, (rVp ) + BK, (rVp ) (VI-1) 


tions of the first and second kind, respectively, and of zero 


where (rV p ) and K,(rV p ) are modified Bessel func- 


order. A and B are two constants which satisfy a second order 


differential equation. Since P(r.p) is the transform of the 
pressure drop at a point in the formation, and because at a 


point not yet affected by production the absolute pressure 


equals the initial pressure, it is required that P(r,p) should 
approach zero as r becomes large. As shown in Karman and 
[,(rv 


Biot, p ) becomes increasingly large and K,(rV p ) 


approaches zero as the argument (rV p ) increases. There- 
fore, to obey the initial condition, the constant A must equal 


zero and (VI-1) becomes 


Pi.» = BK.(rV p ) (VI-2) 


To fulfill the second boundary condition for unit rate of 


production, namely (9P/Or).-: = -l, the transform for 
unity gives 
P 1 
( é ) eae (VI-3) 
or — p 


by Eq. V-1. The differentiation of the modified Bessel func- 
tion of the second kind, Watson’s Bessel Functions,” W.B.F., 











































































































tion, and (2) at the radius of the field (r=1) we have’ p. 79, gives K,’(z) =—K,(z). Therefore, differentiation Eq. 
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VI-2, with respect to r at r = 1, gives 


2) =-BVp K(\ p) 
ar J r=1 


oP ) oe 
or 7r=!1 - p 


the constant B = 1|/p*” K,(V p ). Therefore, the transform 
for the pressure drop for the constant rate case in an infinite 


and since 


medium is given by 


K.(rv p ) 
Pan = (VI-4) 
pK, (V p ) 

To determine the inverse of Eq. VI-4 in order to establish 
the pressure drop at radius unity, we can resort to the sim- 


plification that for small times the operator p is large. Since 


' | = 
K,(z) = e (VI-5) 
P 2z 
for z large, W.B.F., p. 202, then 
-- ] 
Pan = (VI-6) 
p 


The inversion for this transform is given in Campbell and 
Foster, Eq. 516, as 
9 
PP... = — tt” (VI-7) 
Vw 
In brief, Eq. VI-7 states that when t = K T/fucR,” is small, 
which can be caused by the boundary radius for the field, R,,. 
being large, the pressure drop for the unit rate of production 
approximates the condition for linear flow. 
To justify this conclusion, the treatment of the linear flow 
equation, Eq. IV-5, by the Laplace transformation gives 


d Py — 
= BPs) (VI-8) 
dx* 
for which the general solution is the expression 
Pus = Aev* + Be*v ” (VI-9) 


By repeating the reasoning already employed in this develop- 
ment, the transform for the pressure drop at x = 0 gives 


P(OV p ) = l/p 
which is identical with (VI-6) with p the operator of t = 
KT /fue. 

The second simplification for the transform (VI-4) is to 
consider p small, which is equivalent to considering time, t, 
large. The expansions for K,(z) and K,(z) are given in Cars- 
law and Jaeger,’ p. 248. 


; ; Zz ey 
K, (z) =- I, (z) | log = res + ( : ) 


VI-10 
C+4)(4) (+20 
l + : +4 < 
2 3 2 3 2 
(2!) (3!)? : 
K,(z) =-(-1)"" I,(z) 4 log " $y | 
Z ne2r 
l ‘ a 
t (-1)" = Zm ‘t+ 2 m 
2 ro r!(ntr) ! ‘S m-1 | 
] m1 ry (n-r—1) ! 
| % 3) (*) wet (VI-11) 
= a 2 r! 
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where y is Euler’s constant 0.57722. and the logarithmic term 


consists of natural logarithms. When z is small 


Zz 
K,(z) = - [log — + 7] (VI-12) 
K,(z) = l/z (VI-13) 
Therefore, Eq. VI-4 become: 
— log p (log o 7) 
Pun = — 4 (VI-14) 
zp p 


The inversion for the first term on the right is given by Camp- 
bell and Foster, Eq. 892, and the inverse of the second term by 


—" 


100 








oa: See” se ee". eee 

FIG. 8— CONSTANT RATE OF PRODUCTION IN THE STOCK TANK, 

ADJUSTING FOR THE UNLOADING OF FLUID IN THE ANNULUS, P(t) 

VERSUS t where c = c/27fcR,*, AND c is the VOLUME OF FLUID UN- 

LOADED FROM THE ANNULUS, CORRECTED TO RESERVOIR CONDI- 

TIONS, PER ATMOSPHERE BOTTOM-HOLE PRESSURE DROP, PER UNIT 
SAND THICKNESS. 


Eq. V-1. Therefore, the pressure drop at the boundary of the 


field when t is large is given by 


] 
P a [ log It 7] 


i 
= = [ log t 


0.80907 ] (VI-15) 
The selution given by Eq. VI-15 is the solution of the con- 
tinuous point source problem for large time t. The relationship 
has been applied to the flow of fluids by Bruce,” Elkins,” and 
others, and is particularly applicable for study of interference 
between flowing wells. 
The point source solution originally developed by Lord Kel- 


vin and discussed in Carslaw™ can be expressed as 


] oe ] 4 ] ; 
f da = Ei ) . (VI-16) 
a n 2 it 


often referred to as the logarithmic integral or the Ei-fune- 


Pir.t) = 


tion. Its values are given in Tables of Sine, Cosine, and Expo- 
nential Integrals, Volumes I and II, Federal Works Agency, 
W.P.A., City of New York. For large values of the time, t, 
. . a 

Eq. VI-16 reduces to P : [ log It 7] which is Eq. 


VI1-15, and this relation is accurate for values of t>100. 
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By this development it is evident that the point source solu- 
tion does not apply at a boundary for the determination of the 
pressure drop when t is small. However, when the radius, R,, 
is small, such as a well radius, even small values of the abso- 
lute time, T will give large values of the dimensionless time t, 
and the point source solution is applicable. On the other 
hand, in considering the pressure drop at the periphery of a 
field (in which case R, can have a large numerical value) the 
value of t can be easily less than 100 even for large values of 
absolute time, T. Therefore, for intermediate times, the rig- 
orous solution of the constant rate case must be used, which 
we will now proceed to obtain. 

To develop the explicit solution for the constant terminal 
rate case, it is necessary to invert the Laplace transform, Eq. 
\i-4, by the Mellin’s inversion formula. The path of integra- 
tion for tiis transform is described by the “cut” along the 
negative real axis, Fig. 2, which gives a single valued function 
on each side of the “cut.” ‘That is to say that Path AB re- 
quired by Eq. V-2 is equal to the Path AD and CB, both of 
which are described by a semi-circle of radius infinity. Since 
its integration is zero in the second and third quadrant, this 
leaves the integration along Paths DU and OC equal to AB. 
[he integration on the upper portion of the “cut” can be ob- 


° . +17 . ° 
tained by making \}\=u° e , which yields 


Al At, : Sai 
1 -#2(e -e )K,(VAr) 


- — an = 
2ri °° ; - 
Me BAVA ) 
iv 
—ut, ut, ; 
1 o(e —e ) K, (w e° x) de 
j “ ——— a — —— 
Tj? iv lv 


ue e° K, ( u e: ) (VI-17) 


Carslaw and Jaeger’ (page 249) shows that modified Bassel 


functions of the first and second kind of arguments z e 
can be expressed by the regular Bessel functions as complex 


values, as follows: 


iv 
i 
Lice ) = Ls) 
iv 
2 — Ti - 
Rte ) = + - { Ju(z) +i Yo¢s) + 
Lise *)- = i Jz) (VI-18) 
and iv 
2 a - 
RK.ce °° )} = -> [hi(z) +i Vai 


The substitution of the corresponding values for 


' in /2 im/2 
K,(u e r) and K,(u e ) from Eq. VI-18 in Eq. VI-17 
gives the integration along the upper portion of the negative 
real “cut” as 
- ut, —u’ 


t 
1 ~(e oa ~) LY.(u) Jo(ur) -J,(u) Y,(ur) ] du 
70 u [Ji(u) + YP(u) 7] . yl 
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Likewise, the integration along the under portion of the 
-jr 


negative real “cut” is expressed by } = wu’ e and 
~~ a. | 
l ° (e e )K,(VA r) dA 
a ou resis 
Ni EAV & 
—u't “48 tis as —ir/2 
l we ‘~e “)K, (ue r) du 
| - jones sesretsttasnnnasnitenastrsinitneeienmiticanitit 
1T O° im /2 ' —inr/2 
ue K,(u e ) 


Using Eq. VI-18, yields the relationship 
) LY:(u) J.(ur) -J,(u) Yo(ur)] du 
77) 


—ut, -—u't. 
] 6o (e —€e 


j 
ro u’ [J (u) 


(VI-20) 
The integration along Paths DO and OC is the sum of the 
relations VI-19 and VI-20, or 


Pas ty —-P te) a 
ada taadles, [Y:(u) J.(ur) -J,(u) Y,(ur)] du 
| = - 
a uf J(u) + Y/(u)] 


Initially, that is at time zero, the cumulative pressure drop at 


2 xe 





any point in the formation is zero, P,,, ¢=,) = 0. Hence, the 
pressure drop since zero time equals: 

; —ut - ' : 

2 2 (l-e )[J.(u) Yo(ur) -Y,(u) Jo(ur)] du 


P ne { Sa SaraEieEEEtEiaaEeeneEiaiiaeeneeeen 
7 0 u [Je (u) + Y(u) J 
(VI-21) 
which is the explicit solution of the constant terminal rate case 
for an infinite medium. 
To determine the cumulative pressure drop for a unit rate 
of production at the well bore or field radius, (where r = 1) 
then Eq. VI-21 changes to 


, 2 ow (1-e *")[J,(u) ¥.(a)-Ya(a) Jo(u)]) de 
Pes : { = 





7 O° u’ [J,(u) + Y¥/(u) ] 
(VI-22) 
By the recurrence formula given in W.B.F., p. 77 
9 
J(u) Y,(u) - J,(u) Y¥,(u) = — r (VI-23) 
Tu 
Equation VI-22 simplifies to 
1 o (l-e"") du 
Pa =—f ; ——_ , (VI-24) 
ro ou [JZ(u) + Y¥(u)] 


Constant Terminal Pressure Case 
As already shown, the transform of the pressure drop in 


an infinite medium is P,,.,, = B K,(V p r). In the constant 
terminal pressure case it is assumed that at all times the pres- 
sure drop at r=1 will be unity, which is expressed as a 


transform by Eq. V-1] 

P,, 3 = he 
By solving for the constant B at r= 1 in the above formula, 
we find B=1/p K,(V p ), so that the transform for the 
pressure at any point in the reservoir is expressed by 


- K,(V pr) 
Pin = (VI-25) 
pK,(V p ) 


The comparable solution of VI-25 for a cumulative pressure 


(VI-19) drop can be developed as before by considering the paths of 
where the imaginary term has been dropped. Fig. 2. with a pole at the origin, to give the solution 
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P+. ts) ** P.s, tse) = 
—ut, -ut, 
2 @(e a ‘)[Jo(u) Yo(ur) -Y.(u) Jo(ur)] du 
oO u'[J.2(u) + Yo*(u) ] . « (VI-26) 
If we are interested in the cumulative fluid influx at the field 
radius, r = 1, then the relationship Eq. [V-3 applies, or 


t oP , 
= ——- iia oa IV-3 
Qi od ( Dr )_, dt ( ) 


The determination of the transform of the gradient of the 
pressure drop at the field’s edge follows from Eq. VI-25, 


Pun) KVP) 
or r=] pK. (V p ) 
since K,'(z) = —K,(z). Since the pressure drop P,,, .) corre- 
sponds to the difference between the initial and actual pres- 
sure, the transform of the gradient of the actual pressure at 








r= 1 is given by 
| (2 )..= <ien) 
or r=1 or z=] 


(z= ____K(vp ) 
() 


r Jr=] 


or 


vf” ECV p) 


which corresponds to the integrand of Eq. IV-3. Further, from 
the definition given by Theorem B, namely, that if P(p) is the 


transform of P,,), then the transform of { P,.") dt’ is given by 
0 


P(p) /p and the Laplace transform for Q,,, is expressed by 


- K,(V p ) 
Qi» = — . . . . (VI-27) 
p’ K,( Vp ) 
The application of the Mellin’s inversion formula to Eq. V1-27 


follows the paths shown in Fig. 2, giving 
-u't 
4 «a (l-e ) du 


Qk =- eo | 


ye Teer ey (VI-28) 
© u’ [J.?(u) + Y.?(u) ] 


With respect to the transform Q,,,, there is the simplification 
that for time small, p is large. or Eq. VI-27 reduces to 


Qi» = 1/p? Dhaeocotks « 
and the inversion is as before 
2 
QQ. =— (ua  scvns * Ce 
Vr 


which is identical to the linear flow case. For all other values 
of the time, Eq. VI-28 must be solved numerically. 


Relation Between Q(p) and P(p) 

It is evident from the work that has already gone before, 
that the Laplace transformation and the superimposition the- 
orem offer a basis for interchanging the constant terminal 
pressure to the constant terminal rate case, and vice versa. In 


any reservoir study the essential interest is the analyses of 
the flow either at the well bore or the field boundary. The 
purpose of this work is to determine the relationship between 
Q(t), the constant terminal pressure case, and P(t), the con- 
stant terminal rate case, which explicitly refer to the boundary 
r = 1. Therefore, if we conceive of the influx of fluid into a 
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TABLE I- 


and Constant Terminal Rate Cases for Infinite 


Reservoirs 
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Terminal Pressure 








1.5 mn = 3S ns = 35 
2.8899 a, = 1.3606 a, = 0.8663 | 
9.3452 a, = 4.6458 a. 3.0875 
Q. t) t Q. t) t Q t) 
0.276) 5 2} 0.278 | 1.0(10)1} 0.4087] 3 
0.304 | 7.5 | 0.345| 1.5 “ | 0.509.) 4 
0.330 | 1 1] 0.404 | 2.0 “ 0.599 | 5 
0.354 | 1.2 0.458 | 2.5“ | 0.681] 6 
0.375 | 1 0.507 | 3.0 “ 0.758 | 7 
i 0.395 | 1 0.553 | 3.5“ | 0.829] 8 
0.414 | 2 0.597} 4.0 “ | 0.897] 9. 
0.431 | 2.5 | 0.638 | 4.5 “ 0.962 | 1. 
0.446 | 2 | 0.678} 5.0“ | 1.024] 1 
0.461 | 2. | 0.715 | 5.5“ | 1.083] 1. 
0.474 | 3 0.751 | 6.0 “ 1.140} 1. 
0.486 | 3.5 0.785 | 6.5“ | 1.195} 2 
0.497 | 3 | 0.817] 7.0“ | 1248) 2 
0.507 | 3 | 0.848 | 7.5 “ | 1.229) 2. 
: ee | 0.877] 8.0“ | 1.348] 2. 
| 4.3 | 0.905 | 8.5 1.395 | 3 
{ 0.932 | 9.0 1.440 | 3 
| 4 0.958; 9.5“ | 1.484] 3 
| 5 | 0.983 | 1.0 | 1.526 | 3. 
5.5 | 1.028} 1.1 1.605 | 4 
6 | 1.070] 1.2 | 1.679] 4 
6. | 1.108] 1.3 1.747 | 4 
0.574 | 7 1.143 | 1.4 | 1.811] 4 
0.582 | 7 1.174] 1.5 | 1.870] 5 
0.588 S | 1.203 1.6 1.924 5 
0.594 | 9 | 1.953 | 1.7 | 1.975 | 6 
0.599 | 1 | 1.295 | 1.8 | 2.022] 6 
0.603 | 1 1.330 | 2.0 | 2.106 | 7 
0.606 1 1.358 2.2 2.178 | 7 
0.613 1 } 1.382 | 2.4 | 2.241] 8 
0.617} 1 1.402 | 2.6 | 2.294) 9 
0.621} 1.6 | 1.432 | 2.8 2.340 | 10 
0.623 | 1.7 | 1.444] 3.0 2.380 | 11 
0.624 | 1.8 | 1.453 | 3.4 | 2.444 | 12 
2.0 1.468 | 3.8 2.491 | 14 
2.5 i.487 | 4.2 | 2.525 | 16 
3.0 1.495 | 4.6 2.551 | 18 
4.0 1.499 | 5.0 2.570 | 20 
5.0 | 1.500 | 6.0 2.599 | 22 
7.0 2.613 | 24 
8.0 2.619 | 
| 9.0 2.622 
10.0 2.624 
TABLE II — Continued 
3.5 R 4.0 | R = 4.5 m = $8 
0.4851 | ag, 0.3935 | qg, = 0.3296 | q, = 0.2823 
1.8374 | q 1.5267 | q, 1.3051 | g, = 1.1392 
ee t 8.4 t Qe) t Qe) 
2.00 | 2.442 2.5 3.0) 3.195 
2.20 | 2.598 3.0 3.5 | 3.542 
2.40 | 2.748 3.5 4.0 | 3.875 
2.60 | 2.893} 4.0 $5 | 4.193 
2.80 | 3.034 | 4 5 | 5.0} 4.499 | 
3.00 | 3.170] 5.0} 5.5 | 4.792 
3.25| 3.334] 5.5] 6.0 | 5.074 
3.50 3.493 6.0 | 6.5 | 5.345 
3.75 | 3.645 6.5 7.0 | 5.605 
4.00} 3.792 7.0 7.5] 5.854 
4.25 | 3.932] 7.5 8.0 | 6.094 
450 | 4.068| 8.0 | 8.5 | 6.325 
4.75 | 4.198 8.5 9.0 | 6.547 
5.00 | 4.323} 9.0 9.5 | 6.760 
5.50 | 4.560 | 9.5 10 | 6.965 
6.00] 4.779 | 10 | 11 7.350 
6.50 4.982 11 | 12 7.706 
7.00} 5.169| 12 | 13 8.035 
7.50! 5.343 | 13 | 14 8.339 
8.00| 5.504) 14 | 15 | 8.620 
8.50 | 5.653 | 15 16 8.879 
9.00 | 5.790 | 16 | 18 | 9.338 
9.50 | 5.917 | 18 20 9.731 
10 | 6.035 | 20 | 22 | 10.07 
11 | 6.246} 22 | 24 10.35 
12 | 6.425 | 24 | 26 =| 10.59 
13 6.580 | 26 28 | 10.80 
14 | 6.712] 28 | 30 «| 10.98 
15 | 6.825| 30 | 34 11.26 
16 | 6.922] 34 38 11.46 
7 7.004 | 38 | 42 11.61 
ig | 7.076| 42 | 46 11.71 
20 | 7.189 | 46 50 | «11.79 
22 | 7.272| 8 | 60 11.91 
24 | 7.332| 60 | 70 =| 11.96 
26 | 7.377 | 70 | 80 | 11.98 
30 | 7.434] 80 | 90 | 11.99 
34 | 7.464] 90 ¢ 100 | 12.00 
38 | 7.481 | 100 9.625 | 120 | 12.0 
42 7.490 } 
46 7.494 
50 | 7.497 
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Case 
R= &0 
a, = 0.6256 
a, = 2.8041 
t Q t) 
0(10)2 | 0.755 
0 “ 0.895 
0“ 1.023 
e< 1.143 
0 1.256 
0“ | 1.363 
0“ | 1.465 
00 1.563 
25 1.791 
50 1.997 
75 | 2.184 
00 2.353 
2 | 2.507 
50 2.646 
7 2.772 
00 | 2.886 
25 | 2.990 
50 3.084 
75 3.170 
00 | 3.247 
25 | 3.317 
50 | 3.381 
7 | 3.439 
00 3.491 
50 | 3.581 
00 | 3.656 
50 | 3.717 
00 | 3.767 
50 | 3.809 
00 3.843 
00 | 3.894 
00 3.928 
00 3.951 
00 3.967 
00 =| (3.985 
00 3.993 
00 3.997 
00 3.999 
00 3.999 
00 4.000 
R = 6.0 

a, = 0.2182 
a, = 0.9025 
| t Q, t) 
| 6.0] 5.148 
6.5 | 5.440 
| 7.0| 5.724 
7.5 6.002 
8.0 | 6.273 
| 8.5 | 6.537 
9.0 6.795 
| 9.5| 7.047 
10.0 | 7.293 
| 10.5 | 7.533 
11. | 7.767 
12 8.220 
13 8.651 
| 14 9.063 
15 9.456 
16 9.829 

| 17 | 10.19 
18 | 10.53 
19 10.85 
20 | 11.16 
22 11.74 
24 12.26 
25 12.50 
31 13.74 
35 | 14.40 
39 14.93 

| 51 16.05 
| 60 16.56 
| 70 16.91 
80 17.14 
20 «(| 17.27 
100 17.36 
110 17.41 

| 120 | 17.45 
} 130 17.46 
| 140 17.48 
| 150 17.49 
| 160 17.49 
| 180 | 17.50 
200 | 17.50 
220 | 17.50 
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well or field as a constant rate problem, then the actual cumu- 
lative fluid produced as a function of the cumulative pressure 
drop is expressed by the superposition relationship in Eq. 


IV-14 as 
Qi, = 2rfcR, f 
o dt’ 


is the cumulative pressure drop at the well bore 


Qe) dt’ . . (IV-14) 





when AP 
affected by producing the well at constant rate which is estab- 
lished by 
Quy # Pye 
AP = - ee ae 
27K 
The substitution of Eg. [V-11 in IV-14 gives 
Gir) fucR, td Pa 
Qyr) ; — 
. K o* 
Since the rate is constant, Q,,)=q:r) x J, and as t=KT/fucR,, 
this relation becomes 


(IV-11) 


Qi t’) dt’ 
dt’ 


Oe Ge «. . «= Wa 
To express Eq. VI-31 in transformation form, the transform 
for t is 1/p*, Campbell and Foster, Eq. 408.1. The transform 


for P,,, at r=1 is P,,,, and it follows from Theorem A that 
dP.) 


the transform of — 
dt 


drop P,,, for constant rate is zero at time zero. Finally from 
Theorem D, the transform for the integration of the form Eq. 
VI-31 is equal to the product of the transforms for each of the 
two terms in the integrand, or 


- is pP,,) as the cumulative pressure 








m . ‘ m 
TABLE II — Continued 
R 7.0 R 8.0 R 9.0 | R =10.0 
a, = 0.1767 | @, = 0.1476 a, = 0.1264 | a, = 0.1104 
a 0.7534 a 0.6438 a 0.5740 a, = 0.4979 
| % 

t Qt) t re t Qa» t Qa) 
9.00 6.851 9 6.861 10 7.417 15 9.965 
9.50 7.127 10 7.398 15 9.945 20 12.32 
10 7.389 11 7.920 20 | 12.26 22 13.22 
11 902 12 8.431 22 13.13 24 14.09 
12 8.397 13 8.930 24 13.98 26 14.95 
13 8.876 4 9.418 26 14.79 28 15.78 
14 9.341 15 9.895 28 15.59 30 16.59 
15 9.791 16 10.361 30 16.35 32 17.38 
16 10.23 17 10.82 32 7.10 34 18.16 
17 10.65 18 11.26 34 7.82 36 18.91 
18 11.05 19 11.70 36 18.52 38 19.65 
19 11.46 20 12.13 38 19.19 40 20.37 
20 11.85 22 12.95 10 | 19.85 42 21.07 
22 12.58 24 13.74 42 | 20.48 44 21.76 
24 13.27 26 14.50 14 | 21.09 46 22.42 
26 13.92 28 15.23 46 21.69 48 23.07 
28 14.53 30 15.92 48 22 .26 50 23.71 
30 15.11 34 17.22 50 22.82 52 24.33 
35 16.39 38 18.41 52 23.36 54 24.94 
40 17.49 | 40 18.97 54 23.89 56 25.53 
45 18.43 | 45 20.26 56 | 24.39 58 26.11 
50 19.24 | 50 21.42 58 | 24.88 60 26.67 
60 20.51 55 22 46 60 | 25.36 65 28.02 
70 21.45 60 23.40 65 26.48 70 29.29 
80 22.13 70 24.98 70 27.52 75 30.49 
90 22 63 80 26.26 75 |} 28.48 80 31.61 

100 23.00 | 90 27 .28 80 29.36 85 32 .67 
120 23.47 | 100 28.11 8 | 30.18 90 33.66 
140 23.71 120 29.31 90 30.93 95 34.60 
160 23.85 140 30.08 95 31.63 | 100 35.48 
180 23 .92 160 30.58 100 | 32.27 | 120 38.51 
200 23.96 | 180 30.91 20 | 34.39 149 40.89 
500 24.00 200 31.12 140 35.92 | 160 42.75 
240 31.34 160 37.04 | 180 44.21 
280 31.43 180 37.85 200 45.36 
320 31.47 200 38.44 | 240 46.95 
360 31.49 240 39.17 | 280 | 47.94 
400 31.50 280 39.56 | 320 | 48.54 
500 31.50 320 39.77 | 360 | 48.91 
350 39.88 400 49.14 
400 39.94 440 49.28 
440 39.97 480 | 49.36 

4189 39.98 
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Py Q VI-32 ( ~ 2 The 
-=— p ) ona « « ieee Jip et J —___ = —_ ~—— 
p* paalilioes 5 0 u[log u — 0.11593 ]* [0.11593 — log 5] have 
Evidence of this identity can be confirmed by substituting (VI1-34) 0.02 | 
Eqs. VI 4 and VI-27 in Eq. VI-32. In brief, Eq. VI-32 is the rhe integration for P,,., close to the origin is expressed by been 
relationship between constant terminal pressure and constant 7 ; of 
: ‘ : - -u 
terminal rate cases. If the Laplace transformation for one is p a (l-e ) du VL35 Hq. 
known, the transform for the other is established. This inter- o/ u'[J(u) + Y ‘(u)] ts hi 
: x v1 1 y 1 . 
change can only take place in the transformations and the ; ase 
: : se ise For u equal to or less than 0.02, J,(u) = 0, and Y,(u) = funct 
final solution must be by inversion. ; : =. 
2/mu so that Eq. VI-35 reduces to T 
a 
Computation of P.., and Qi ee three 
po a Pa lu ile CUR ineé 
To plot P,., and Q,.) as work-curves, it is necessary to de- 5 a u (VESS) lines 
termine numerically the value for the integrals shown in Eqs. i i only 
, . oa P fe iet nm — u 
V1-24 and VI-28. In treating the infinite integrals for P,., and solut 
Q,.), the only difficult part is in establishing the integrals for 1 a ae | up te 
small values of u. For larger values of u the integrands con- Pw are dn » + «+ (VI-37) Th 
verge fairly rapidly, and Simpson’s rule for numerical integra- - . . on 
tion has proved sufficiently accurate. Further, lat 
° rela 
To determine the integration for Q,,, in the region of the Ft(1- e”) dn l(l-e ”) dn 1(]- ee") dn 
origin, Eq. V1I-28 can be expressed as od ‘ * - ” at . eecmer = 
é n 
Q 4 ° ag *) du VL33 (VI-38) A. 
o= as 5 SST -C—-:=r:sCé=é*('W*=-333) ~—s Since Euller’s constant 7 is equal t 
f) reo” u'[J.(u) + Y."(u) J . q ” of ri 
; ail 1(l-e") dn 20 e 
where the value for 5 is taken such that 1-e “ ot git, ¥= fj { dn — 
- n shovy 
which is true for ut equal to or less than 0.02, or = V0.02/t ; tran 
and the simplification for Eq. VI-33 becomes Substitution of this relation in Eq. VI-38 gives cury 
Q 4 6 du pot (l—e™")dn r e c dn 
=— f po a A << ee J =7T aid ae a ae T 
ag? OF u[J.’(u) + Y,7(u) J a . ” . ™ 
For u less than 0.02, J,(u) = 1, and and since the second term on the right is the Ei-function al- T 
9 9 © r ice > ; > earlier ar se , » y 17.29 . 
2 u 2 ready discussed in the earlier part of this work, Eq. VI-37 sure 
Y.(u) = — { log = +7} =— {log u — 0.11593 } reduces to ' diti 
T 2 T . ) 
° P ° ° P the 
As the logarithmic term is most predominant in the denom- I 
: Pw = y—-Ei(-—&t) + log &t IT. rel 
inator for small values of u. this equation simplifies to i) 2 9 eid : pe 


TABLE Ill — Constant Terminal Rate Case Radial Flow —- Limited Reservoirs 











R, 1.5 R = 2.0 | R = 25 m= 86 R 3.5 R 4 R = 45 
ql pope B, = epee | B, = mapenen | B, = 4.6858 B, 1.3218 B, 1.1120 | B, = 0.9609 
B, = 11.924 B, = 6.3118 |B, 4.2230 | B, = 3.1787 | £B 2.5526 8 2.1342 B, = 1.8356 
t P t P t P t | P t P t > t P 
| (t) (t) (t) | | (t) t (t) t) 
6 .0(10)~? 0.251 2.2(10)-' | 0.443 4.0(10)-! 0.565 | 5.2(10)" | 0.627 1.0 0.802 1.5 | 0.927 2.0 1 
8.0 “ 0.288 2.4 “ | 0.459 4.2 “ 0.576 5.4 “ 0.636 | 1.1 0.830 1.6 0.948 21 1 
1.0(10)-" 0.322 — 0.476 4.4 “ 0.587 3S ie | 0.645 1.2 0.857 & 0.968 2.2 1 
iy 0.355 = 0.492 ii 0.598 6.0 “ | 0.662 | 1.3 0.882 1.8 0.988 | 23 1 
we Be | 0.387 @* Be 0.507 4.8 “ 0.608 7 Be 0.683 1.4 0.906 1.9 1.007 2.4 1 
i * } 0.420 | 3.2 i; 0.622 | §.0 “ 0.618 i ow | 0.703 1.5 0.929 2.0 1.025 | 2.5 1 
5 ¢ 0.452 | 3.4 0.586 | 5.2 “ 0.628 * Ba 0.721 1.6 0.951 2.2 1.059 | 2.6 1 
2.0 “ 0.484 3.6 0.551 | 5.4 “ 0.638 8.0 “ | 0.740 1.7 0.973 2.4 1.092 2.7 1 
2.2 “ | 0.516 3.8 * 0.565 5.6 “ 0.647 8.5 “ } 0.758 1.8 0.994 2.6 1.123 2.8 | 1 
2.4 “ | 0.548 | 4.0 “ 0.579 5.8 “ 0.657 oS ” 0.776 1.9 1.014 2.8 1.154 2.9 1 
he | 0.580 | 4.2 “ 0.593 | 6.0 “ | 0.666 9.5 “ 0.791 2.0 1.034 3.0 1.184 3.0 1 
7 ~ | 0.612 .4.™ 0.607 | 6.5 “ 0.688 1.0 0.806 2.25 1.083 3.5 1.255 3.2 1 
3.6 « | 0.644 4.6 “ 0.621 | +2 Bee | 0.710 1.2 0.865 2.50 1.130 4.0 | 1.324 3.4 1.23 
2 be | 0.724 Sh Be | 0.634 | 7.5 “ 0.731 1.4 0.920 2.75 1.176 4.5 | 1.392 3.6 1 
4.0 “ | 0.804 50“ | 0.648 | 80“ | 0.752 | 1.6 0.973 | 3.0 1.221 5.0 | 1460 | 3.8 1.2 
4.5 “ | 0.884 6.0 * 0.715 8.5 “ | 0.772 2.0 1.076 4.0 1.401 5.5 1.527 4.0 1 
oo” | 0.964 a ee 0.782 9.0 “ | 0.792 3.0 | 1.328 5.0 1.579 6.0 1.594 4.5 1. 
5 oe | 1.044 8.0 : a. ; 0.812 4.0 1.578 6.0 1.757 6.5 1.660 5.0 1 
6.0 “ | 1.124 9.0 * 0.91 0 0.832 5.0 1.828 7.0 1.727 5.5 1 
1.0 | 0.982 | 2.0 1.215 | 8.0 1861 | 6.0 15 
2.0 | 1.649 3.0 1.596 9.0 1.994 7.0 1.6 
| 3.0 2.316 4.0 1.977 } | 10.0 2.127 8.0 he 
| 5.0 | 3.649 5.0 | 2.358 } 9.0 1.82 
| 10.0 | 1.9 
| 11.0 | 2.03 
12.0 | 2.13 
| | | | 13.0 2.2 
| | } 14.0 2.3 
| | | 15.0 2 
| 


| 
| 
| 
| 
| 
| 
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The values for the integrands for Eqs. VI-24 and VI-28 
have been calculated from Bessel Tables for or greater than 
0.02 as given in W.B.F., pp. 666-697. The calculations have 
been somewhat simplified by using the square of the modulus 


of 
H,°? (u) |=|J.(u) +i Y,(u)| and |H, (u)|=]J,(u) +i Y,(u) | 


which are the Bessel functions of the third kind or the Hankel 


functions. 


Table I shows the calculated values for Q,:) and Pi.) to 
three significant figures, starting at t = 0.01, the point where 
linear flow and radial flow start deviating. P,,, is calculated 
only to t= 1,000 since beyond this range the point source 
solution of Eq. VI-15 applies. The values for Q,.) are given 
up tot = 10". 

The reader may reproduce these data as he sees fit; Fig. 4 
is an illustrative plot for Q,,,, and Fig. 7 is a semi-logarithmic 
relationship for P,,). 


LIMITED RESERVOIRS 


As already mentioned, the solutions for limited reservoirs 
of radial symmetry have been developed by the Fourier-Bessel 
type of expansion.”*” Their introduction here is not only to 
show how the solutions may be arrived at by the Laplace 
transformation, but also to furnish data for P,,, and Q¢) 


curves when such cases are encountered in practice. 


No Fluid Flow Across Exterior Boundary 


The first example considered is the constant terminal pres- 
sure case for radial flow of limited extent. The boundary con- 
ditions are such that at the well bore or field’s edge, r = 1, 
the cumulative pressure drop is unity, and at some distance 
removed from this boundary at a point in the reservoir r = R, 


TABLE III- 














R 5 i R = 6.0 L = 1 &R 
B, 0.8472 B, = 0.6864 B, ° 0.5782 B, 
Bp 1.6112 B, = 1.2963 B, = 1.0860 Bp. 

> > | > | 

t I (t) | t E (t) | . | F et) Cl t 

3.0 1.167 4.0 1.275 | 6.0 | 1.436 8.0 
3.1 1.180 4.5 1.322 6.5 1.470 8.5 
3.2 } 1.192 5.0 1.364 7.0 1.501 9 0 
3.3 1.204 5.5 1.404 7.5 | 1.5381 | 9.5 
3.4 1.215 6.0 1.441 8.0 | 1.559 10.0 
3.5 | 1.227 6.5 1.477 8.5 | 1.586 10.5 
3.6 | 1,238 7.0 1.511 | 9.0 1.613 11.0 
3.7 | 1.249 7.5 1.544 | 9.5 1.638 11.5 
3.8 | 1.259 8.0 1.576 | 10.0 | 1.663 12.0 
3.9 1.270 8.5 1607 | 11.0 | 1.711 12.5 
4.0 | 1,281 9.0 1.6388 | 12.0 | 1.757 13.0 
4.2 | 1.301 9.5 1.668 13.0 | 1.801 13.5 
4.4 | 1.321 10.0 1.698 14.0 | 1.845 | 14.0 
4.6 1.340 11.0 1.757 15.0 | 1.888 | 14.5 
4.8 1.360 12.0 1.815 16.0 | 1.931 | 15.0 
5.0 1.378 13.0 1.873 17.0 1.974 | 17.0 
5.5 1.424 14.0 1.931 18.9 | 2.016 19.0 
6.0 1.469 15.0 1.988 19. | 2.058 | 21.0 
6.5 1.513 16.0 2.045 20.9 | 23.0 
7.0 | 1.556 17.0 2.103 22.9 | | 25.0 
7.5 1.598 18.0 2.160 24.00 | | 30.0 
8.0 1.641 19.0 2.217 25.0 | | 35.0 
9.0 | 1.725 20.0 2.274 28.0 40.0 
10.0 1.808 25.0 2.560 30.0 | 45.0 
11.0 1.892 30.0 2.846 
12.0 1.975 | | 
13.0 2.059 | | } 
14.0 | 2.142 | | 
15.0 2.225 | 
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there exists a restriction such that no fluid can flow past this 


P 
barrier so that at that point (2) — 0. 
or 7r=R 


The general solution of Eq. VI-1 still applies, but to fulfill 
the boundary conditions it is necessary to re-determine values 


for constants A and B. The transformation of the boundary 


condition at r = 1 is expressed as 

— I Oe p ) = BK,(V p ) . . (VIIL-1) 
and at r = R the condition is 

0=Al,(VpR)-BK,(VpR) ... (VII-2) 


since it is shown in W.B.F., p. 79, that K,’(z) = —K,(z), and 
I,’(z) = 1,(z). The solutions for A and B from these two 


simultaneous algebraic expressions are 
\=K,(V pR)/p[K,(V pR) L(V p) +K.(V p) L(V pR)] 
and 


B=1,(V pR)/p[K.(V pR) L(V p) +K.(V p) L(VPR)] 
By substituting these constants in Eq. VI-1, the general solu- 
tion for the transform of the pressure drop is expressed by 


— [K.(Vp R) L(V pr) + L(V p R) KV pr)] 





yee 
p[K,(V p R) L(V p ) +L(V p R) K,(Vp )] 

(VII-3) 

To find Q(t) the cumulative fluid produced: for unit pres- 


sure drop, then the transform for the pressure gradient at 
r = | is obtained as follows: 





{#) _ _ [L(V pR) K(Vp) -K.(V pR) L(V p)] 
or J r= 


p’?[K,(V pR) L.(V p)+L(V pR) K.(Vp)] 


where the negative sign is introduced in order to make Q(t) 


Continued 





8.0 R 9.0 a= | 
| 
0.4999 B, 0.4406 2. = 0.8940 
0.9352 B. 0.8216 B, = 9.73388 | 
yg t P P | | 
t (t) (t) 
1.556 | 10.0 1.651 | 12.0 1.732 | | 
1.582 10.5 1.673 12.5 1 
1.607 11.0 1.693 13.0 1.7 | | 
1.631 11.5 1.713 13.5 :. | 
1.653 12.0 1.732 14.0 1 | 
1.675 12.5 1.750 14.5 1 | 
1.697 13.0 1.768 15.0 1.83 | 
1.717 13.5 1.786 15.5 i 
1.737 14.0 1.803 16.0 1 
1.757 14.5 1.819 17.0 1.89 
1.776 15.0 1.835 18.0 1 
1.795 15.5 1.851 19.0 1.9 
1,813 16.0 1. 867 20.0 1.96 
1.831 17.0 1.897 } 22.0 2 
1.849 18.0 1.926 24.0 2 
1.919 19.0 1.955 | 26.0 2 
1.986 20.0 1.983 | 28.0 2 
2.051 22.0 2.037 30.0 2.19 
2.116 24.0 2.090 | 32.0 2.23 
2.180 26.0 2.142 } 34.0 2 
2.340 28.0 2.193 36.0 2.3 
2.499 30.0 f 2.244 38.0 2 
2.658 34.0 2.345 40.0 2 
2.817 38.0 2.446 50.0 2.6 
40.0 2.496 60.0 2 
15.0 2.621 70.0 3 
50.0 2.746 
| 
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THE APPLICATION OF THE LAPLACE TRANSFORMATION TO FLOW PROBLEMS 


IN RESERVOIRS 


positive. Theorem B shows that the integration with respect 
to time introduces an additional operator p in the denomi- 
nator to give 


es _ Th Vp R)K,(V p]-K,i(V p R) L(V p )] 





p’?[K,(V p R) L(V p ) +h(V p R)K,(V p )] 
(VII-4) 
In order to apply Mellin’s inversion formula, the first con- 
sideration is the roots of the denominator of this equation 


which indicate the poles. Since the modified Bessel functions 
for positive real arguments are either increasing or decreas- 
ing, the bracketed term in the denominator does not indicate 
any poles for positive real values for p. At the origin of the 
plane of Fig. 2 a pole exists and this pole we shall have to 
investigate first. Thus, the substitution of small and real 
values for z (Eqs. VI-12 and VI-13) in Eq. VII-4, gives 
_ (R*-1) 


2p 


p-0 


TABLE IV — Constant Terminal Rate Case Radial Flow 


Pressure at Exterior Radius Constant 





R= LS a = 2.0 R 
A, = 3.4029 A, = 1.7940 ‘ 
XN, = 9.5207 h, = 4.8021 N 
t Pie $ | Poy , 
5.0(10)-2 0.230 2.0(10)-1 0.424 | — 3.0(10)-2 
5.5 “ 0.240 $3 “ 0.441 as 
6.0 “ 0.249 26 * 0.457 4.0 “ 
7.0 “ 0.266 2.6 “ 0.472 4.5 “ 
8.0 “ 0.282 2.8 “ 0.485 5.0 “ 
9.0 “ 0.292 —* 0.498 BS 
1.0(10)"1 0.307 Ss Se 0.527 6.0 “ 
13 “ 0.328 4.0 “ 0.552 7 * 
1.4 “ 0.344 4.5 “ 0.573 8.0 “ 
1.6 “ 0.356 5.0 “ 0.591 9.0 “ 
1.3 “ 0.367 5.5 “ 0.606 1.0 
2.0 < 0.375 6.0 “ 0.619 1.2 
3.3“ 0.381 6.5 “ 0.630 1.4 
2.4 * 0.386 75° 0.639 1.6 
2.6 ‘ 0.390 72 0.647 1.8 
2.8 “ 0.393 8.0 “ 0.654 2.0 
3.0 “ 0.396 8.5 “ 0.660 2.2 
3.5 “ 0.400 9.0 “ 0.665 2.4 
4.0 “ 0.402 9.5 “ 0.669 2.6 
4.5 “ 0.404 1.0 0.673 2.8 
5.0 “ 0.405 1.2 0.682 3.0 
6.0 “ 0.405 1.4 0.688 3.5 
Pte 0.405 1.6 | 0.690 | 4.0 
8.0 “ 0.405 1.8 0.692 | 4.5 
2.0 0.692 5.0 
2.5 0.693 5.5 
3.0 0.693 6.0 
rABLE IV 
R = 4.0 R 6.0 R 
A, = 0.6670 A, = 0.4205 r, 
* 1.6450 r. 1.0059 +. = 
t Mies t F ey t 
1.0 0.802 4.0 1.275 7.0 
1.2 0. 857 | 4.5 1.320 7.5 
1.4 0.905 5.0 1.361 8.0 
1.6 0.947 5.5 1.398 8.5 
1.8 0.986 6.0 1.432 9.0 
2.0 1.020 6.5 1.462 9.5 
2.2 1.052 7.0 1.490 | 10.0 
2.4 1.080 | 7.5 1.516 | 12.0 
2.6 1.106 8.0 1.539 | 14.0 
2.8 1.130 8.5 1.561 | 16.0 
3.0 1.152 9.0 1.580 | 18.0 
3.4 1.190 10.0 1.615 | 20.0 
3.8 1.222 12.0 +1.667 | 22.0 
4.5 | 1.266 14.0 1.704 24.0 
5.0 1.290 16.0 1.730 26.0 
5.5 1.309 18.0 1.749 28.0 
6.0 1.325 20.0 1.762 30.0 
7.0 1.347 22.0 1.771 35.0 
8.0 1.361 24.0 1.777 40.0 
9.0 1.370 26.0 1.781 45.0 
10.0 1.376 28.0 1.784 50.0 
12.0 1.382 30.0 1.787 60.0 
14.0 1.385 35.0 1.789 70.0 
16.0 1.386 40.0 1.791 80.0 
18.0 1.386 | 50.0 1.792 
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= 25 R 3.0 R = 35 
1.2426 r, 0.9596 A, = 0.7852 
= 3.2265 r 2.4372 Xr. = 1.9624 
> 
P. t) t E (t) t P. t) 
0.502 5.0(10)-! 0.617 5.0(10)-1 0.620 
0.535 Ae 0.640 6.0 “ 0.665 
0.564 6.0 “ 0.662 1. * 0.705 
0.591 72° 0.702 8.0 0.741 
0.616 8.0 “ 0.738 9.0 0.774 
0.638 $6 * 0.770 1.0 0.804 
| 0.659 1.0 0.799 1.2 0.858 
| 0.696 1.2 0.850 1.4 0.904 
0.728 1.4 0.892 1.6 0.945 
0.755 1.6 0.927 1.8 0.981 
0.778 1.8 0.955 2.0 1.013 
0.815 2.0 0.980 2.2 1.041 
0.842 2.2 1.000 2.4 1.065 
0.861 2.4 1.016 2.6 1.087 
| 0.876 2.6 1.030 2.8 1.106 
0.887 2.8 1.042 3.0 1.123 
0.895 3.0 1.051 3.5 1.158 
0.900 3.5 1.069 4.0 1.183 
0.905 4.0 1.080 5.0 1.215 
0.908 4.5 1.087 6.0 1.282 
| 0.910 5.0 1.091 7.0 1.242 
| 0.913 5.5 1.094 8.0 1.247 
| 0.915 6.0 1.096 9.0 1.250 
0.916 6.5 1.097 10.0 1.251 
0.916 7.0 1.097 12.0 | 1.252 
0.916 8.0 1.098 14.0 | 1.253 
0.916 10.0 1.099 16.0 | 1.253 
-—— Continued 
8.0 R 10 R= 
0.3090 r, 0.2448 A, = 0.1616 
0.7286 r 0.5726 r 0.3745 
| > ! 
} Prey ’ Pee ) , Peo 
1.499 10.0 1.651 20.0 | 1.960 
1.527 12.0 1.730 22.0 } 2.003 
1.554 14.0 1.798 24.0 2.043 
1.580 16.0 1.856 26.0 } 2.080 
1.604 18.0 1.907 28.0 2.114 
1.627 20.0 1.952 30.0 2.146 
1.648 | 25.0 2.043 35.0 | 2.218 
1.724 30.0 2.111 | 40.0 2.279 
1.786 35.0 2. 160 45.0 2.332 
1. 837 | 40.0 2.197 50.0 2.379 
1.879 15.0 2 224 | 60.0 2.455 
} 1.914 50.0 2.245 } 70.0 2.513 
1.943 55.0 2.260 80.0 2.558 
1.967 60.0 2.271 90.0 2.592 
1.986 65.0 2.279 10.0(10)! 2.619 
2.002 70.0 2.285 12.0 2.655 
2.016 75.0 2.290 14.0 2.677 
2.040 80.0 2.293 16.0 2.689 
2.055 90.0 2.297 18.0 2.697 
2.064 10.0(10 2.300 } 20.0 2.701 
2.070 11.0 2.301 22.0 2.704 
2.076 12.0 2.302 } 24.0 2.706 
2.078 } 13.0 2.302 26.0 2.707 
2.079 14.0 2.302 28.0 2.707 
16.0 2.303 30.0 2.708 
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ons and by the application of Mellin’s inversion formula applied , Sie a : . > iw 
, - ‘ein 7: ‘ PP lished by the Mellin’s inversion formula by letting \ = u’e’ ; 
sas. at the origin, the _ : 

_ S then by Eqs. VI-18 
sate 
a ‘ ] a= 
the 1 Mt 1 (R*-1) R’- - e Q(A)dA= 
: to — e — —— dara = ——— . (VII-5) 2ri 
2ri 2 A,, A., etc 
-eal ~ Ary Azy ‘ 
=o ——% ‘oP 7 7 ) 
l e [J:(uR) Y,(u) -Y,(uR) J,(u)] du (VIL-6 
= Ke sciicabeadiithiaindicttitiiiahetmmmanaal ndpineinssaeaadiiaeinidadichia ae tiemahinliansin -6) 
‘ a , ‘ ‘ : 2 ae a we Fs 
An investigation of the integration along the negative real sd w[J,(uR) Y.(u)-Y,(uR) J.(u)] 
9 : . , a, ete. 
“cut” both for the upper and lower portions, Fig. 2, reveals ie oy, & ' 
r P ° P P ‘ yhere d,. Qs», é » at 1e roots ¢ 
that Eq. VII-4 is an even function for which the integration “"°T® @» @» 2G Gu @ + oe ee 
: ° ° > ) 7 ) r > ae T 
along the paths is zero. However, poles are indicated along [J.(aaR) Yo(a.) - ¥;(aoR) J,(an)] = 0 (VII-7) 
the negative real axis and these residuals together with Eq. and the poles are represented on the negative real axis 
VII-5 make up the solution for the constant terminal pressure by \, = —a, . Fig. 3. The residuals of Eq. VII-6 are the series 
case for the limited radial system. The residuals are estab- expansion 
TABLE IV — Continued 
R = 20 | R = 25 R = 30 | R = 40 R=5 
A, = 0.1208 | 1, = 0.09648 A, = 0.08032 | r, 0.06019 A, = 0.04813 
N 0.2788 X. = Osea > 0.1849 | r 0.1384 h, = 0.1106 
J | < 2 2 
a a ee | : soe ag ee ee ee 
| | } > | 
. Prey | 8 | (t) . } Pity | t | Prey t (t) 
30.0 2.148 | 50.0 | 2.389 70.0 | 12.0010) | 2.813 20.0(10)! 3.064 
35.0 2219 | 55.0 2.434 80.0 |} 14.0 « 2888 22.0 3.111 
10.0 | 2282 | 60.0 2.476 90.0 | 16.0 2 953 24.0 « 3.154 
45.0 | 2.338 65.0 2.514 10.0(10)' | | 18.0 3.011 26.0 “ 3.193 
50.0 2.388 70.0 2.550 12.0 “ - 20.0 3.063 28.0 “ 3.229 
60.0 2.475 75.0 | 2.583 14.0 “ 2 | 22.0 | 3.109 30.0 “ 3.263 
70.0 2.547 80.0 | 2.614 16.0 “ 2.9! | 24.0 3152 35.0 3.339 
80.0 | 2.609 | 85.0 | 2.643 £5 “ 2 26.0 | 3.191 40.0 “ 3.405 
90.0 | 2.658 | 90.0 | 2.671 17.0 2 | 28.0 « 3.226 45.0 “ 3.461 
10.0(10)" | 2707 | 95.0 | 2.697 17.5 “ 294 | 30.0 3.259 50.0 “ 3.512 
10.5.“ 2.728 10.0(10)! 2.721 18.0 “ 35.0 | 3.331 55.0 “ 3.556 
11.0 “ | 2.747 12.0 “ 2.807 20.0 < 3.0! 40.0 3.391 60.0 “ 3.595 
11.5 “ 2764 | 14.0 “ 2.878 25.0 “ 3.1! 15.0 3.440 65.0 “ 3.630 
12.0 “ 2.781 | 16.0 “ 2.936 30.0 “ 3.216 50.0 3.482 70.0 “ 3.661 
12.5 « 2.796 0“ 2.984 35.0 “ 3.26: 55.0 3.516 75.0 “ 3.688 
13.0 “ 2.810 20.0 “ 3.024 40.0 3.306 | 60.0 | 3.545 80.0 “ 3.713 
13.5 “ 2: 823 22.0 | 3.057 45.0 3.332 | 65.0 3.568 85.0 “ 3.735 
14.0 | 2935 | 24.0 3.085 50.0 3.351 | 70.0 3.588 90.0 “ 3.754 
14.5 | 2.846 | 26.0 3.107 60.0 3.375 | 80.0 3.619 95.0 “ 3.771 
15.0 < 2.857 28.0 | 3.126 70.0 “ 3.387 | 90.0 3.640 10.0(10)? 3.787 
16.0 2876 30.0 “ 3.142 80.0 “ 3.394 10.6(10 3.655 12.0 “ 3.833 
18.0 ‘ 2.906 35.0 “ 3.171 90.0 “ 3_397 12.0 3.672 14.0 “ 3.862 
20.0 ‘ | 2.929 | 40.0 “ 3.189 10.0(10)? 3.399 14.0 3.681 16.0 “ 3.881 
24.0 ‘ 2:958 | 45.0 “ 3.200 12.0 “ 3.401 16.0 3.685 iso “ 3 992 
- 28.0 ‘ 2.975 | 50.0 “ 3.207 14.0 < 3401 18.0 3_687 20.0 “ 3.900 
30.0 * 2.980 | 60.0 “ 3.214 20.0 3.688 22.0 “ 3.904 
10.0 ‘ 2992 70.0 “ 3.217 25.0 3.689 24.0 “ 3.907 
50.0 2995 80.0 “ 3.218 26.0 “ 3.909 
90.0 “ 3.219 28.0 “ 3.910 
7 TABLE IV — Continued 
R 60 R 70 R 80 R = 90 | R 100 
t ie t l a” t P.. | t te | t | ie 
3.010 | 3.257 5.0(10)2 | 3.512 6.0(10)2 3.603 8.0(10)? 3.747 1.0(10)8 3.859 
10 3.401 6.0 “ | 3.603 7.0 * 3.680 9.0 “ 3.808 ‘25 3.949 
5.0 3.512 7.0 “ | 3.680 8.0 “ 3.747 1.0(10 3.858 1.4“ 4.026 
6.0 | 3.602 8.0 “ 3.746 9.0 3.805 1.2 « 3 949 1.6 “ 4.092 
7.0 3.676 9.0 “ | 3.803 10.0 “ | 3.857 1.3 3.988 1.8 “ | 4.150 
8.0 3.739 10.0 “ 3.854 12.0 “ | 3.946 1.4 « 4.025 264 4.200 
9.0 3.792 12.0 “ 3.937 14.0 “ 4.019 1.5 “ 4058 =| 2.5 | 4.303 
10.0 3.832 14.0 “ 4.003 15.0 “ 4.051 1.8 “ 4144060Cid| 30 4.379 
12.0 3.908 16.0 “ | 4.054 16.0 “ 4.080 Se Be 4.192 | 5 he 4.434 
14.0 3.959 18.0 “ | 4.095 18.0 “ 4.130 2.5 428 | 40 “ | 4.478 
16.0 3.996 20.0 “ 4.127 20.0 “ 4.171 3.0 « 4.349 4.5 “ 4.510 
18.0 4.023 25.0 “ 4.181 25.0 “ 4.248 3.5 * 4.394 ae 4.534 
20.0 4.043 30.0 “ | 4.211 30.0 “ 4.297 1.0 4.426 5.5 “ 4.552 
25.0 4.071 35.0 “ 4298 35.0 “ 4328 4.5 4.448 6.0 “ | 4.565 
30.0 4.084 40.0 | 4.237 40.0 “ 4.347 5.0 4.464 6.5 “ | 4.579 
35.0 4.090 45.0 “ | 4.242 45.0 “ 4 360 6.0 4.482 ® Be 4.583 
10.0 4.092 50.0 “ 4.245 50.0 “ 4 368 7.0 “ 4.491 7.8 “ 4.588 
15.0 4.093 55.0 “ 4.247 60.0 “ 4.376 8.0 “ 4.496 ie 4.593 
50.0 4.094 60.0 “ 4.247 70.0 “ 4 380 9.0 ¢ 4.498 9.0 “ 4.598 
55.0 4.094 65.0 “ 4 248 80.0 “ 4 381 10.0 ‘ 4.499 10.0 “ 4.601 
70.0 “ 4.248 90.0 “ 1.382 11.0 4.499 2.6 “ 4.604 
75.0 “ 4248 10.0(10)* 1 382 12.0 ‘ 4.500 15.0 “ 4.605 
80.0 “ 4.248 11.0 “ 1 382 14.0 * 4.500 
| | 
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e °) emt [J. (a,R) Y; (a,) -%s (aoR) J: (as) ] 





-2= r . (VII-8) 
4. lim—[J,(uR) Y,(u) - Y,(uR) J.(u)] 
etc. du 
u—a<a, 
since 
J, (z) = J.(z) -—J,(z) /z (VII-9) 
and 


J.’(z) = —J;,(z) 
which are recurrence formulae for both first and second kind 
of Bessel functions, W.B.F., p. 45 and p. 66, then by the iden- 
tities of Eqs. VII-7 and VI-23, the relation VII-8 reduces to 


00 oc J, (aR) 





Therefore, the solution for Q(t) is expressed by 


a, t 
R*-] oe e J (a,R) 
a mn | (VEL-1G) 
Q 2 @,@4 [J (a.) —J)a.R) ] ( 
etc. 


This is essentially the solution developed in an earlier work; 
but Eq. VII-10 is more rapidly convergent than the solution 
previously reported. 


The values of Q,,.) for the constant terminal pressure case 
for a limited reservoir have been calculated from Eq. VII-10 
for R = 1.5 to 10 and are tabulated in Table 2. A reproduction 





-2 = eer Aer . 
25e até Ss og > fia As = > 
@,@ a. [J2(a,) —J2 (aR) ] of a portion of the ¢ data is given in Fig. 5. As Eq. VII-10 is 
etc. rapidly convergent for t greater than a given value, only two 
TABLE IV — Continued 
R = 200 | R 300 R 100 R 500 | R = 600 
t P t P t P t P t P 
(t) (t) (t) t (t) 
1.5(10)5 4 061 | 6 .0(10) 4.754 1.5(10)4 § 212 | 2.0(10)4 5.356 | 4.0(10)4 5.703 
» iw 4.205 8.0 “ 4.898 > & 5.356 2.5 “ 5.468 éa * 5.762 
2.8" “ 4.317 10.0 5.010 Be < 5.556 $6 * 5 559 50 5.814 
3.0 “ 4.408 12.0 5.101 | 4.0 5.689 EBs 5.636 6.0 5.904 
3.5" “ 4.485 14.0 “ 5.177 5.0 “ } 5.781 4.6 “ 5.702 7.0 “ 5.979 
4.0° “ 4 552 ae 5.242 és = | 5.845 45 “ 5.759 | go « 6.041 
fe 4.663 18.0 ‘ 5.299 7a = | 5.889 5.0 “ 5.810 90 “ 6.094 
6.0 “ 4.754 |} 20.0 “ 5.348 8.0 5.920 6.0 “ 5 894 10.0 “ 6 139 
-< iw 4,829 24.0 5.429 6.6 “ 5.942 | 7.6 * 5 960 12.0 6 210 
$.0 “ 4.894 28.0 5.491 10.0 “ 5.957 go “ 6.013 | 449 « 6 262 
9.0 “ 4.949 30.0 5.517 1. “ 5.967 9.0 “ 6.055 16.0 “ ; 
10.0 “ 4.996 40.0 5.606 2.0 5.975 10.0 “ 6.088 18.0 “ 
oe * 5.072 50.0 5.652 12.5 5.977 13.0 “ 6.135 20.0 “ 
140 “ 5.129 60.0 5.676 13.0 “ 5.989 14.0 “ 6.164 25.0 “ 
16.0 “ 5.171 70.0 5.690 14.0 “ 5.983 16.0 “ 6.183 30.0 “ 
18.0 “ 5 203 80.0 5. 696 16.0 “ 5.988 18.0 “ 6.195 35.0 “ 
20.0 “ 5.227 90.0 “ 5.700 18.0 “ 5.990 20.0 “ 6.202 10.0 “ 
25.0 “ 5 264 10.0(10)4 5.702 20.0 5.991 25.0 “ 6.211 50.0 “ 
30.0 “ § 282 a Te 5.703 24.0 5.991 30.0 “ 6.213 60.0 < 
35.0 ‘ 5.290 14.0 5.704 26.0 5.991 35.0 “ 6.214 
40.0 * 5.294 15.0 5.704 0.0 “ 6.214 
TABLE IV — Continued 
R 700 R 800 R 900 R 1000 R 1200 
> > | > 
t Pe t Pie) t Pe t E t ae 
5.0(10)* 5.814 7.0(10)4 5.983 8.0(10)4 6.049 1.0110 6.161 2.0(10)5 6.507 
6.0 “ 5.905 - Be 6.049 9.0 “ 6.108 12 “ | 6.252 Le « 6.704 
79 * 5.982 9.0 “ 6.108 | 10.0 “ 6.161 Se he 5.329 40 “ 6.833 
8.0 6.048 8=6| = 10.0 “ 6.160 | 12.0 “ 6.251 i6“ | 6.395 5.0 “ 6.918 
9.0 “ | 6.105 12.0 “ 6.249 14.0 “ 6.327 = oe 6.452 6.0 “ 6.975 
10.0 “ | 6.156 14.0 “ 6.322 | 16.0 “ 6.392 2.0 6.503 7.0 7.013 
12.0 “ 6.239 | 16.0 “ 6.382 18.0 “ 6.447 2.5 605 80 7.038 
14.0 “ | 6.305 18.0 “ 6.432 } 20.0 “ 6.494 3.0 6.681 9.0 7056 
16.0 “ 6.357 | 20.0 “ 6.474 } 25.0 6.587 3.5 6.738 10.0 7.067 
18.0 “ | 6.398 | 25.0 « 6.551 30.0 6.652 10 6.781 12.0 7"080 
20.0 “ 6.430 | 30.0 “ 6.599 10.0 6.729 1.5 6.813 14.0 7.085 
25.0 “ 6.484 35.0 “ 6.630 45.6 6.751 5.0 837 16.0 7.088 
30.0 “ 6.514 40.0 “ 6.650 50.0 6.766 5.5 6.854 18.0 7.089 
35.0 “ 6.530 45.0 “ 6.663 55.0 6.777 6.0 §. 868 19.0 7.089 
40.0 “ 6.540 | 50.0 “ 6.671 60.0 6.785 70 6.885 20.0 7.090 
45.0 “ 6.545 | 55.0 « 6.676 70.0 6.794 8.0 6.895 21.0 7.090 
50.0 “ 6.548 60.0 “ 6.679 80.0 6.798 9.0 6.901 22 0 7.090 
60.0 “ 6.550 70.0 “ 6.682 90.0 | 6.800 10.0 6.904 23.0 7.090 
70.0 “ 6.551 80.0 “ 6.684 10.0(10 | 6.801 12.0 10 24.0 7.00) 
80.0 “ 6.551 100.0 “ 6.684 14.0 0 
16.0 ODOR 
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terms of the expansion are necessary to give the accuracy 
needed in the calculations. 

Likewise from the foregoing work it can be easily shown 
that the transform of the pressure drop at any point in the 
formation in a limited reservoir for the constant terminal rate 
case, is expressed by 





: — [K.(V p R) L(V pr) + L(V p R) KV pr)] 
p’[L(V p R) K,(V p )-K,(V p R) LV p )J 

(VIT-11) 

An examination of the denominator of Eq. VII-11 indicates 
that there are no roots for positive values of p. However, a 
double pole exists at p= 0. This can be determined by ex- 
panding K,(z) and K,(z) to second degree expansions for 
small values of z and third degree expansions for I,(z) and 
I,(z), and substituting in Eq. VII-11. It is found for small 


values of p, Eq. VII-11 reduces to 


A. F. VAN EVERDINGEN AND W. HURST 
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1 R? R_ (R’-r’) R’ log R 
es ee 
‘ p (R’-1) r 2(R*’-1) (R?-1)’ 
p> ° 
(R?+1 1 2 
oceans , + — —__ . « (VEE) 
4(R?-1)' p? (R?-1) 


This equation now indicates both a single and double pole at 
the origin, and it can be shown from tables or by applying 
Cauchy’s theorem to the Mellin’s formula that the inversion of 
Eq. VII-12 is 
9 r 
Poy =— E (VII-13) 
(R*-1) 4 
Re [3R*-4R° log R-2R’-11 
os ee ~ om : ‘ = 
(R@-1) 4(R?—1)? 


which holds when the time, t, is large 





As in the preceding case, there are poles along the negative 
real axis, Fig. 3, and the residuals are determined as before 


by letting \ = u® e'”, and Eqs. VI-18 give 


TABLE IV — Continued 





R = 1400 R = 1600 R 


t P t  y t 
(t) (t) 
2.0(10)5 6.507 2.5(10)° 6.619 3.0(10)° 
2.5 “ 6.619 ie 6.710 4.0 “ 
io © 6.709 3.5 “ 6.787 5.0 “ 
3.5 6.785 4.0 “ 6. 853 oe * 
40 6.849 5.0 “ 6.962 . io 
5.0 6.950 5.0 “ 7.046 8.0 “ 
6.0 7.026 2 ie 7.114 9.0 “ 
7.0 7.082 8.0 “ 7.167 10.0 “ 
8.0 7.123 9.0 “ 7.210 15.0 “ 
9.0 7.154 10.0 7.244 20.0 “ 
10.0 7.177 15.0 7.334 30.0 “ 
15.0 7.229 20.0 7.364 40.0 “ 
20.0 7.241 25.0 7.373 50.0 “ 
25.0 7.243 30.0 7.376 .6 “ 
30.0 7.244 35.0 7.377 52.0 “ 
31.0 7.244 40.0 7.378 53.0 
32.0 7.244 42.0 7.378 54.0 
33.0 7.244 44.0 7.378 56.0 
rABLE IV- 
R 2400 R 2600 R 
t Vy t 4 t 
(t) (t) 
6.0(10 7.057 7.0(10)° 7.134 8.0(10)° 
7a * 7.134 8.0 “ 7.201 9.0 “ 
8.0 ‘ 7.200 9.0 “ 7.259 10.0 
a6 * 7.259 10.0 * 7.312 12.0 
10.0 7.310 12.0 * 7.401 16.0 
12.0 7.398 14.0 7.475 20.0 “ 
16.0 7.526 16.0 “ 7.536 24.0 “ 
20.0 7.611 18.0 “ 7.588 28.0 “ 
24.0 7.668 20.0 7.631 } 30.0 “ 
28.0 7.706 24.0 7.699 35.0 “ 
30.0 7.720 28.0 7.746 | 40.0 “ 
35.0 7.745 30.0 7.765 50.0 “ 
40.0 7.760 35.0 7.799 60.0 “ 
50.0 7.775 40.0 7.821 70.0 “ 
60.0 7.8 50.0 “ 7.845 80.0 “ 
70.0 7.782 60.0 7.856 90.0 “ 
80.0 7.783 we “ 7.860 10.0(10)* 
90.0 7.783 80.0 “ 7.862 12.0 
95.0 7.783 90.0 “ 7.863 13.0 
10 .0(10)° 7.863 
| 
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1800 R 2000 R = 2200 
| 
P t P t > 
(t (t) (t) 
6.710 4.0(10 6.854 5.0(10)* 6.966 
6.854 5.0 6.966 oe 7.013 
6.965 | 6.0 7.056 6.0 “ 7.057 
7.054 7.0 * 7.132 6.5 “ 7.097 
7.120 | 8.0 7.196 | thew 7.133 
7.188 9.0 7.251 * Bd 7.167 
7.238 10.0 7.298 8.0 “ 7.199 
7.280 | 12.0 7.374 8.5 ‘ 7.229 
7.407 14.0 7.431 2 Bag 7.256 
7.459 16.0 7.474 10.0 7.307 
7.489 18.0 7.506 12.0 7.390 
7.495 20.0 7.530 16.0 7.507 
7.495 25.0 7.566 20.0 7.579 
7.495 30.0 7.584 25.0 7.631 
7.495 35.0 7.593 30.0 7.661 
7.495 40.0 7.597 35.0 7.677 
7.495 50.0 7.600 40.0 7.686 
7.495 60.0 7.601 50.0 7.693 
64.0 7.601 60.0 7.695 
70.0 7.696 
80.0 7.696 
Continued 
2800 R 3000 
P t y 
t) 
7.201 1.0(10) 7.312 
7.260 D Bibs 7.403 
7.312 i. ~ 7.480 
7.403 1.6 7.545 
7.542 1.8 7.602 
7.644 2.0 7.651 
7.719 2.4 ° 7.732 
7.775 2.8 7.794 
7.797 3.0 7.820 
7.840 3.5 7.871 
7.870 1.0 7.908 
7.905 4.5 7.935 
7.922 5.0 7.955 
7.930 6.0 * 7.979 
7.934 7.0 7.992 
7.936 8.0 7.999 
7.937 9.0 8.002 
7.937 10.0 8.004 
7.937 12.0 8 006 
15.0 8.005 
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] At — 
- e P,,.A, dA 
2ri 


Ay, An, etc. 


- ie (J, (uR) Y.(ur) — Y,(uR) J,(ur) ] du (VIL-14) 
ri u’[J,(uR) Y,(u) -J,(u) Y,(uR)] 
B,, B., ete. 
where 8,, 8., etc., are roots of 
[J.(8.R) Y:(8.) -J,(8.) ¥,(8.R)] =O . (VU-15) 
with \, = -8,?. The residuals at the poles in Eq. VII-14 give 
the series 


x ec *1J,(B.R) Y. (Bar) - Yi(8R) Jo (Bn) J 





25 
182, etc. 1 

ne i = [J.(uR) Y,(u) -J,(u) Ys(uR) J 
au 


u—8, (VII-16) 


By the recurrence formulae Eqs. VII-9, the identity VII-15, 
and Eq. VI-23, this series simplifies to 





Oc e *"y.(8,R) [J.(8.) ¥. (Br) — Ys(B,) Jo(Bor) J 
eZ — saeninnaineatainennmntatite cam : 
B,, B., ete. 8,.[ J (8,R) - Ji (Ba) ] 


(VII-17) 
Therefore, the sum of all residuals, Eqs. VII-13 and VII-17 is 
the solution for the cumulative pressure drop at any point in 
the formation for the constant terminal rate case in a limited 
reservoir, or 
2 r R’ (3R*-4R‘ log R-2R*-1) 
P.....=— ( tt)- —— logr — --——_-_—_____——_—-- 
(R*-1)\ 4 (R*-1 4(R*-1)’ 
oe" 9,(8,R) [J:(B.) Yo (Bar) — ¥s(Bn) Jo (Bur) ] 


+r —_—__—__—— ——__—_—_—— 
B,, B B, [J (8,.R) —~J,(B,)] 








(VII-18) 
which is essentially the solution given by Muskat,* now de- 
veloped by the Laplace Transformation. Finally, for the cumu- 
lative pressure drop for a unit rate of production at the well 
bore, r = 1, this relation simplifies to 





— 2 ( 1 +t) (3R‘ — 4R‘ log R - 2R?- 1) 
oa Pa 4 4(R? — 1)? 

oc eo Pot 27g R) 
+2: (VII-19 


B.B. B73,7(8,R) -J7(8,)] 

The calculations for the constant terminal rate case for a 
reservoir of limited radial extent have been determined from 
Eq. VII-19. The summary data for R = 1.5 to 10 are given in 
Table 3. An illustrative graph is shown in Fig. 6. The effect 
of the limited reservoir is quite pronounced as it is shown 
that producing the reservoir at a unit rate increases the pres- 
sure drop at the well bore much faster than if the reservoir 
were infinite, as the constant withdrawal of fluid is reflected 
very soon in the productive life by the constant rate of drop 
in pressure with time. 


Pressure Fixed at Exterior Boundary 


adi a dP 
As a variation on the condition that [ —— = 0 we 
dr r=R 


may assume that the pressure at r = R is constant. In effect, 
this assumption helps to explain approximately the pressure 
history of flowing a well at a constant rate when, upon open- 
ing, the bottom hole pressure drops very rapidly and then 
levels out to become constant with time. The case has been 
developed by Hurst’ using a cylinder source and by Muskat* 
using a point source solution. 
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When developing the solution by means of the Laplace 
transformation, it is assumed that the exterior boundary r = R 


P(R,p) = 0, which fixes the pressure at the exterior boundary 
as constant. Since the above-quoted references contain com- 
plete details, the final solutions are only quoted here for 


completeness’ sake. 


Cylindrical source: 


a %, ‘ 
00 Pa Jo (AnR) 
Pi.) = log R-2 = ~~ — —_. VII-20 
ee Ae [JP On) - Jo OuR) ] ' ; 
where X,, is the root established from 
J:Qu) YoQ.R) nO) Be) = 6 (VII-21) 
Point source: 
2 w em" 3. (u,) 
Px) = log R-. = 2 (VII-22) 


VP n=1 a? J2(u,R) 
where the root «, is determined from J,(u,R) = 0, W.B.F.. 
p. 748. Table 4 is the summary of the calculated P(t) em- 
ploying Eq. VII-20 for R=1.5 to 50, the cylinder source 
solution, which applies for small as well as large times. The 
data given for R = 60 to 3,000 are calculated from the point 
source solution Eq. VII-22. Plots of these data are given in 
Fig. 7. 


SPECIAL PROBLEMS 


The work that has gone before shows the facility of the 
Laplace transformation in deriving analytical solutions. Not 
yet shown is the versatility of the Laplace transformation in 
arriving at solutions which are not easily foreseen by the ortho- 
dox methods. One such solution derived here has shown to be 
of value in the analysis of flow tests. 


When making flow tests on a well, it is often noticed that 
the production rates, as measured by the fluid accumulating 
in the stock tanks, are practically constant. Since it is 
desired to obtain the relation between flowing bottom hole 
pressure and the rate of production from the formation, it is 
necessary to correct the rate of production as measured in the 
flow tanks for the amount of oil obtained from the annulus 
between casing and tubing. To arrive at the solution for this 
problem, we use the basic equation for the constant terminal 
rate case given by Eq. IV-11, where q,r) is the constant rate of 
fluid produced at the stock tank corrected to reservoir condi- 
ditions, but P,,, is a pseudo pressure drop which is adjusted 
mathematically for the unloading of the fluid from the annulus 
to give the pressure drop occurring in the formation. 

It is assumed that the unloading of the annulus is directly 
reflected by the change in bottom hole pressure as exerted by 
a hydrostatic head of oil column in the casing. Therefore, the 
rate of unloading of the annulus qA;r,, expressed in cc. per 
second corrected to reservoir conditions, is equal to 


dAP 
tia, = € cee « « Ceaeee 

dT 
where C is the volume of fluid unloaded from the annulus 
per atmosphere bottom hole pressure drop per unit sand thick- 
ness. The rate of fluid produced from the formation is then 
given by q¢r) — q,:r). As the bottom hole pressure is continu- 
ously changing, the problem becomes one of a variable rate. 
The substitution of the form of Eq. IV-11 in the superposition 
theorem, Eq. IV-16, gives 
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” . : 
AP = onK K a Laer — GAcry] P'ce-e) dt 
us 


and from Eq. VIII-1 











bv t dAP 
4 r = j <a") -C- p’ t-t’ dt’ (VITI-2) 
ek o, f ro es 
Since T = fucR,* t/K, and the unit rate of production at the 
Qt) # 
surface corrected to reservoir conditions is q«:, ===, Eq. 
~ 2rK 
VIII-2 becomes 
; — dAP 
ws dt’ 


where C = C/2rfcR,?. 

Eq. VIII-3 presents a unique situation and we are con- 
fronted with determination of AP, the actual pressure drop, 
appearing both in the integrand and to the left side of the 
equation. The Laplace transformation offers a means of solv- 
ing for AP which, by orthodox methods, would be difficult 
to accomplish. 

It will be recognized that Theorem D, from Chapter V, is 
applicable. Therefore, if Eq. VIII-3 can be changed to a La- 
place transformation, AP can be solved explicitly. If we 
express the transform of the constant rate q it) as q/p, the 


transform of P’,,, as pP,,) and the transform of AP as AP, 


so that the transform for dAP/dt is pAP, then it follows 
that 





AP = [1-C paP]p Pw (VIII-4) 
p 
and on solution gives 
— q Pw 
AP =- —— ( VIII-5) 
fl+C p’P,y] 
Since g = qyr)4“/27K, then the term on in Eq. 





f1+C pP,,.)] 
VIII-5 can be interpreted as the transform of the pseudo pres- 
sure drop for the unit rate of production at the stock tank. 


No mention has been made as to what value can be substi- 


tuted for P,,,. If we wish to apply the cylinder source, Eq. 
VI-4 applies, namely, 
— K.(V p ) 
P.,) = ———_—— « « « « (VEREG) 
p’” K,(V p ) 
However, from the previous discussion it has been shown 
that for wells, t is usually large since the well radius is small, 
and the point source solution of Lord Kelvin’s applies, namely, 
1 ce" 


f —du 


P — 
ee Se 
2 u 


(VI-16) 
the Ei-function. Therefore, to apply this expression in Eq. 
VIIL-5, it is necessary to obtain the Laplace transform of the 
point source solution of Eq. VI-16. By an interchange of 
variables, this equation becomes 
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and it will be recognized from Campbell and Foster, Eq. 920.1, 


that the integrand is the transform for K,(V p ). Further, 
the integration with respect to time follows from Theorem B, 
Chapter V, so that the transform of Eq. VIII-7 is the relation 


(VIII-8) 


The same result can be gleaned from Eq. VIII-6 since for t 


large, p is small and K,(V p ) =1/V p.. Substitution of 
this approximation in Eq. VIII-6 yields Eq. VIII-8. Therefore, 


introducing the expression for P,,, in Eq. VIII-5 gives 
- q K,(V p ) 
Ar = ~ . (VIII-9) 
p[1+C p K,(V p )] 
for which it is necessary only to find the inverse of 


(VITI-10) 


to obtain values for P,,,; the cumulative pressure drop for unit 
rate of production in the stock tank which automatically takes 
cognizance of the unloading of the annulus. 

The inverse of the form of VIII-10 by the Mellin’s inversion 
formula can be determined by the path described in Fig. 2. 
The analytical determination is identical with the constant 
terminal rate case given in Section VI. Therefore, the cumu- 
lative pressure drop in the well bore, for a unit rate of pro- 
duction at the surface, corrected for the unloading of the fluid 
in the casing, is the relation 
—u't 


) Jo(u) du 





Py) = § —————_- 


(VIII-11) 


Fig. 8 presents a plot of the computed values for P,,) cor- 


responding to C from 1,000 to 75,000. It can be observed that 
the greater the unloading from the casing, the smaller the 
actual pressure drop is in a formation due to the reduced rate 
of fluid produced from the sand. For large times, however, all 
curves hecome identified with the point source solution which 
is the envelope of these curves. After a sufficient length of 
time, the change in bottom hole pressure is so slow that the 
rate of production from the formation is essentially that pro- 
duced by the well, and the point source solution applies. 
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DISCUSSION 

Comments on “The Relation Between Electrical Resistivity 
and Brine Saturation in Reservoir Rocks,” by H. F. Dunlap, 
H. L. Bilhartz, Ellis Shuler, and C. R. Bailey. Published in 
the October, 1949 issue of the JouRNAL OF PETROLEUM TECH- 
NOLOGY. 
By G. E. Archie, Shell Oil Co., Houston, Texas 

I wish to compliment the authors on their experimental work 
of measuring the resistivities of cores. Measurements of this 
nature are difficult, particularly on small core samples. 


The conclusion that the saturation exponent, n, used when 
interpreting electrical logs, varies appreciably from 2.0 does 
not follow from the data. It is true that individual samples 
indicated an n value considerably different, for instance, the 
Strawn sandstone given in Table 1 where n = 1.18. Rocks are 
heterogeneous, however, and more than one sample must be 
measured. One sample is of little value in predicting any 
property of the formation as a whole; therefore, only data 
where several pieces of the formation have been analyzed can 
be considered conclusive to be used to predict a value for n. 
Of the data presented in this paper, the measurements made on 
the Cotton Valley sandstone seem to meet this requirement, 
see Table I, where six samples were measured. The average 
value of n equals 1.8. This value cannot be said to vary appre- 
ciably from 2.0. (It is true that n varied from 1.5 to 2.0, but 
experimental error variations on the same sample were 1.7 
to 2.0, see sample No. 6, Table I.) In view of the experimental 
error involved and the limited number of analyses run, the 
more logical conclusion would be that the data on the Cotton 
Valley sandstone give weight to the assumption that n may 
be expected to be of the order of 2.0 for sandstones. 


This later data, together with the data given on a chart 
presented with my comments on the paper, “Estimation of 
Interstitial Water from the Electrical Log,” by Milton Wil- 
liams, also presented at the San Antonio meeting, indicates 
that the average value of n for consolidated sandstone “in 
situ” may be closer to 1.9 than 2.0 which has formerly been 
used. xk * 
Author’s Reply to G. E. Archie 

The average of all of our own measurements on saturation 
exponents for various consolidated sandstone and limestone 
cores is about 1.75, and, as Archie properly points out, the 
scatter in the determinations on cores taken from a single 
formation is considerable. However, we have never measured a 
saturation exponent for a consolidated core which was sig- 
nificantly greater than two, and the great majority are some- 
what less, the lowest value measured being that of 1.17 for 
the Strawn sandstone sample reported in the paper. For un- 
consolidated material, the values have usually been two or 
above. Exactly what the most nearly correct average value to 
use of consolidated sandstones would be is difficult to estimate 
in view of the limited data available, but we would estimate 
a value of 1.7 to 1.8 rather than 1.9 to 2.0. However, more 
data might well change this average walue. For formations 
of particular interest, it is believed desirable to determine an 
average exponent from measurements on a number of core 
samples rather than to use any assumed universal average 
value. The fact that variation could occur, rather than the 
use of any particular average number for the exponent, was 
the thesis of the paper. xk * 
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DISCUSSION 


Comments on “The Relation Between Electrical Resistivity 
and Brine Saturation in Reservoir Rocks” by H. F. Dunlap, 
H. L. Bilhartz, Ellis Shuler and C. R. Bailey. Published in 
the October, 1949 issue of Journal of Petroleum Technology. 


By M. R. J. Wyllie and Walter D. Rose, Gulf Research and 


Development Company, Pittsburgh, Pennsylvania 


This paper and the results it gives concerning the numérical 
value of the exponent n in the resistivity index-saturation;rela- 
tionship, I = S,~", is a most valuable and timely contribution 
to the rather sparse literature on a subject vital to electric 
log interpretation. Inasmuch as the results obtained provide 
some opportunity for checking certain theoretical conclusions 
we reached in a recent paper,’ it is of particular interest to us. 


The results obtained by the authors clearly show that the 
exponent n is not a constant with a value of about 2.0 as is 
generally assumed, but varies from core to core and may thus 
be considered some function of rock texture. On the basis 
of our theoretical development, we forecast that the exponent 
n would vary with rock texture (as measured in terms of 
irreducible wetting phase saturation, S,.,) and with saturation 
of the wetting phase itself. It is the latter prediction which 
is denied by Dunlap et al when they explicitly state that the 
available evidence indicates that the saturation exponent, n, 
does not vary with saturation. While we would like to believe 
this to be true (since an exponent n which was always inde- 
pendent of saturation, if albeit dependent upon rock texture, 
would introduce one welcome simplification in a complex 
problem) we do not believe that this is the only interpretation 
of all the results extant, including those of Dunlap et al. The 
results of Wyckoff and Botset,’ Leverett’ and other workers on 
essentially unconsolidated sands do indeed show a relatively 
constant exponent n, but those of Morse, Terwilliger and 
Yuster® and those of the Russian workers quoted by Guyod’ 
show a marked dependence of n on saturation in certain 
instances. The variation of the exponent n with saturation 
shown in Fig. 5 of the paper of Dunlap et al is apparently 
attributed by these workers to non-equilibrium conditions. 
Elsewhere, however, it is stated that when, at high desaturat- 
ing pressures and apparent equilibrium, widely varying values 
of the saturation exponent were found in different parts of 
the core, the results were considered unreliable and not 
reported. 


We have shown' that an analytical expression for the ex- 
ponent n can be found of the form: 
ins. T/T. 


n = ——_— 
ms, 
Where, 
S, = the wetting phase saturation as a fraction of the pore 
volume, 
T =the tortuosity of the porous medium at 100 per cent 


wetting phase saturation, and is defined as the square 
of the ratio of mean actual pore length to bed length, 


T. =the effective tortuosity, similarly defined, for the sat- 


uration, S,,. 
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From the above expression if n is to be a constant independent 
of saturation, it follows that T/T. = S,*~, where x is a con- 
stant having the value 2n. The ratio T/T, is itself a measure 
of fluid distribution and may be expected to vary somewhat 
with the manner in which a particular saturation has been 
obtained. Thus, the fact that the exponent n for a Strawn 
sandstone sample was found by Dunlap et al to vary when 
the mode of saturation was changed from flooding to capillary 
pressure desaturation is quite explicable in terms of a varia- 
tion in the T/T, ratio at a particular saturation. That the 
ratio T/T, for any particular mode of saturating or desaturat- 
ing a porous medium should be uniquely related to the degree 
of saturation by an expression of the form T/T, = S,*~ ap- 
pears to us to be possible in certain cases, but we see no rea- 
son to believe that this relationship is universally true of all 
porous media. In particular we would expect to find pore size 
distribution as a big factor in determining T/T.. since the 
tendency for the wetting phase to be displaced first from the 
larger pores by an entering non-wetting phase must necessar- 
ily affect T/T. in a manner which is not always expressible 


x—2 


in terms of S,.*~ with x a constant. 


We would thus like to ask Dunlap and his co-workers 
whether upon further consideration they are convinced that 
there is never a genuine variation of the exponent n with 
saturation. In addition, we would be interested to learn whether 
any of the results discarded because of their apparent unre- 
liability showed apparent values of n between 3 and 4.5, i.e., 
in a range covering certain observations made by Williams and 
by the Russian workers quoted by Guyod and considered 
possible by us on theoretical grounds. In general, however, it 
would appear that to a first approximation and in the absence 
of more specific knowledge a value for n of about 2.0 - 2.5 is 
still the best average value to assume for log interpretation. 
In the light of the results reported by Williams we would 
particularly query the conclusion that n is generally less than 


2 for consolidated media. 
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Author’s Reply to M. R. J. Wyllie and Walter D. Rose 


In reply to the specific questions posed by Wyllie and Rose, 
we would like to make the following comments: 

First, we are of course not convinced on the basis of our 
rather limited experimental evidence that there is never a 
genuine variation of the saturation exponent, n, with saturation. 
Our own data on several consolidated sandstone cores do not 
show any evidence of this variation, even in the region close 
to irreducible water, where the theory of Wyllie and Rose 
would indicate that n should approach a value of minus 
infinity. (See Fig. 4 in Wyllie and Rose’s forthcoming paper, 
which the authors have kindly furnished us.) This figure is 
of interest, also, in that it indicates that for cores having 
irreducible waters of less than 30%, n is approximately con- 
stant with saturation until the water saturation reaches a value 
not greatly different from irreducible water. Most of the 
material which we worked with had irreducible waters of less 
than 30%. This variation close to the irreducible water sat- 
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uration, which is postulated by Wyllie and Rose, could not be 
expected to be detected by our experiments. 

In answer to the second question, some of the results which 
we discarded indicated saturation exponents as high as six. 
However, as was stated in our paper, the criterion used for the 
reliability of the data was not the value of the saturation ex- 
ponent, but the constancy of this value as obtained on different 
sections of the same core. If large and systematic variations 
in n were obtained for various sections of the core from top 
to bottom, this was taken to mean that the average brine sat- 
uration obtained for the entire core was not the same as the 
saturation in the individual sections. If this is so, a plot of 
resistance vs. an incorrect saturation would of course be 
meaningless. 

Regarding the average value of the saturation exponent for 
consolidated and unconsolidated media, we can only reiterate 
that in our limited experience we have never observed a sat- 
uration exponent which was significantly greater than two for 
consolidated material, whereas for unconsolidated material the 
values have nearly always been two or above. kkk 
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